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Purpose: To evaluate the available evidence on the ocular safety and efficacy of current therapeutic alter-
natives for the management of macular edema (ME) secondary to branch retinal vein occlusion (BRVO).

Methods: Literaturesearcheswere last conductedonJanuary 31, 2017, inPubMedwith nodate restrictionsand
limited to articles published in English, and in the Cochrane Database without language limitations. The searches
yielded 321 citations, of which 109 were reviewed in full text and 27 were deemed appropriate for inclusion in this
assessment. The panel methodologist assigned ratings to the selected studies according to the level of evidence.

Results: Level I evidence was identified in 10 articles that addressed anti-vascular endothelial growth factor
(VEGF) pharmacotherapies for ME, including intravitreal bevacizumab (5), aflibercept (2), and ranibizumab (4).
Level I evidence was identified in 6 studies that examined intravitreal corticosteroids, including triamcinolone (4)
and the dexamethasone implant (2). Level I evidence also was available for the role of macular grid laser
photocoagulation (7) and scatter peripheral laser surgery (1). The inclusion of level II and level III studies was
limited given the preponderance of level I studies. The number of studies on combination therapy is limited.

Conclusions: Current level I evidence suggests that intravitreal pharmacotherapy with anti-VEGF agents is
effective and safe for ME secondary to BRVO. Prolonged delay in treatment is associated with less improvement
in visual acuity (VA). Level I evidence also indicates that intravitreal corticosteroids are effective and safe for the
management of ME associated with BRVO; however, corticosteroids are associated with increased potential
ocular side effects (e.g., elevated intraocular pressure, cataracts). Laser photocoagulation remains a safe and
effective therapy, but VA results lag behind the results for anti-VEGF therapies. Ophthalmology 2017;124:
1412-1423 ª 2017 by the American Academy of Ophthalmology
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Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening
tests. The goal of anOphthalmic TechnologyAssessment is to
review systematically the available research for clinical effi-
cacy and safety. After review by members of the Ophthalmic
Technology Assessment Committee, relevant subspecialty
societies, and legal counsel, assessments are submitted to the
Academy’s Board of Trustees for consideration as official
Academy statements. The purpose of this study by the
Ophthalmic Technology Assessment Committee Retina/Vit-
reous Panel is to review the evidence on the safety and effi-
cacy of current therapies for macular edema (ME) associated
with branch retinal vein occlusion (BRVO).
Background

Branch retinal vein occlusion is a common retinal vascular
condition that may result in significant visual loss. Clinical
tortuous retinal vessels, and cotton-wool spots in the distri-
bution of the occluded vein. Branch retinal vein occlusion is
an occlusion of a major branch retinal vein draining 1 quad-
rant of the retina, a macular branch vein draining the macula,
or a peripheral branch vein draining a portion of the retina.
Macular edema and macular ischemia are leading causes of
visual loss in BRVO and are seen more frequently when a
major branch retinal vein is involved. Additional sequelae of
BRVO include neovascularization, vitreous hemorrhage,
epiretinal membrane, and traction retinal detachment.

The prevalence of BRVO increases with age and varies
with race and ethnicity. A pooled analysis of 68 751
individuals for BRVO demonstrated 4.42 cases per 1000
individuals.1 The pathogenesis of BRVO is thought to
involve both retinal vein compression by the
corresponding retinal arteriole and damage to the vessel
wall, leading to thrombus formation.2 Vascular occlusion
results in increased intraluminal venous pressure and
subsequent retinal hemorrhage and capillary dropout.
http://dx.doi.org/10.1016/j.ophtha.2017.03.060
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Capillary dropout, hypoxia, and local inflammation result in
an upregulation of proinflammatory cytokines.3 Vascular
endothelial growth factor (VEGF) is a key upregulated
protein in BRVO. This protein has complex interactions
with the immune system; it produces local inflammation,
and the vascular endothelial cells then stimulate increased
vascular permeability and induce vascular endothelial cell
proliferation.3,4

Although multiple factors play a role in vision loss
resulting from BRVO, the most common cause is ME. Other
factors that may contribute to vision loss include macular
ischemia, neovascular complications (e.g., neovascularization
of the disc or retina causing vitreous hemorrhage or neo-
vascular glaucoma), and traction retinal detachment. Over the
last few decades, therapy directed at ME associated with
BRVO has evolved significantly. In the early 1980s, the
National Eye Institute sponsored one of the early landmark
therapeutic trials for BRVO that focused on macular grid
laser photocoagulation.5

The pharmacologic era began with the use of cortico-
steroid therapies. Corticosteroids inhibit numerous local
inflammatory modulators, including VEGF, and may
decrease edema through stabilization of vascular perme-
ability.6 Multiple formulations have been examined,
including triamcinolone and dexamethasone (OZURDEX,
Allergan, Inc., Irvine, CA). Intravitreal triamcinolone
(IVTA) has been used off-label in multiple formulations to
treat ME secondary to BRVO. The intravitreal dexametha-
sone sustained-release implant has been approved by the
U.S. Food and Drug Administration (FDA) for the man-
agement of ME secondary to BRVO.7

More recently, anti-VEGF therapies have become some of
the most frequently used therapeutics for ME in the setting of
BRVO. Four anti-VEGF medications have been evaluated,
including ranibizumab (Lucentis, Genentech, Inc., South San
Francisco, CA), aflibercept (VTE, EYLEA, Regeneron
Pharmaceuticals, Inc., Tarrytown, NY), bevacizumab
(AVASTIN, Genentech, Inc., South San Francisco, CA), and
pegaptanib sodium (MACUGEN, Valeant Pharmaceuticals
International, Inc., Bridgewater, NJ).8e11 Ranibizumab
(48 kDa) is a recombinant humanized immunoglobulin G1
kappa isotype antibody fragment that binds all isoforms of
VEGF-A and is FDA approved for the treatment of ME sec-
ondary to BRVO.10 Aflibercept (115 kDa) is a recombinant
fusion protein consisting of the VEGF extracellular binding
domains of the human VEGF receptors 1 and 2 fused to the
Fc domain of human immunoglobulin-G1 and is FDA
approved for the treatment of ME secondary to BRVO. In
addition to binding VEGF, aflibercept also binds placental
growth factors 1 and 2.12 Bevacizumab (149 kDa) is a full-
length humanized monoclonal immunoglobulin-G1 anti-
body that binds all isoforms of VEGF-A.11 Unlike the first 3
VEGF inhibitors that bind all isoforms of VEGF-A, pegap-
tanib is a selective antagonist that binds to the 165 isoform of
VEGF.8,9 Neither bevacizumab nor pegaptanib is FDA
approved for the treatment of ME secondary to BRVO, and
their use is off label.

In addition to pharmacotherapy, other approaches that
have been explored for the treatment of BRVO include
laser-induced chorioretinal anastomosis and pars plana
vitrectomy, to separate the common adventitia of the
crossing artery and vein, to cannulate the vein, and to
remove the cortical vitreous and internal limiting membrane
(ILM).13e15 These treatments may address different mech-
anisms related to the sequelae of BRVO, including poten-
tially improving blood flow and oxygenation.

Resource Requirements

Approximate costs for current anti-VEGF medications are
$1950 per dose for ranibizumab, $1850 per dose for afli-
bercept, and less than $50 per dose for bevacizumab. How-
ever, bevacizumab requires compounding for administration.
The 2015 Medicare reimbursement for anti-VEGF thera-
peutics is approximately $1967 for ranibizumab 0.5 mg,
$1961 for aflibercept 2 mg, and $17 for bevacizumab. The
dexamethasone implant cost is approximately $800.
Preservative-free triamcinolone 40 mg/ml suspension
(TRIESENCE, Alcon Laboratories, Inc., Fort Worth, TX)
costs approximately $134 per dose and is reimbursed by
Medicare at $148. The 2015 Medicare Physician Fee
Schedule reimbursement for intravitreal injection (Current
Procedural Terminology [CPT] code 67028) ranges from
$86.74 to $133.48 in the medical office setting and ranges
from $85.48 to $131.49 in the hospital outpatient department.
The technical fee associated with CPT code 67028 is $297.94
in the hospital outpatient department. The professional fee
reimbursement for macular grid laser photocoagulation (CPT
code 67210) ranges from $431.84 to $666.30 in the medical
office setting and from $419.18 to $646.41 in the hospital
outpatient department. The technical fee for CPT code 67210
is $420.39 in the hospital outpatient department.

Question for Assessment

The purpose of this assessment is to address the following
question: What is the current safety and efficacy of available
therapeutic options for the management of ME associated
with BRVO?

Description of Evidence

Literature searches were last conducted on January 31,
2017, in PubMed with no date restrictions and limited to
articles published in English, and in the Cochrane Library
database without a language limitation. The combined
searches yielded 321 citations. The following search terms
were used:

(branch retinal vein occlusion OR (occlusion AND
retinal vein AND branch) OR brvo) AND (macular
edema[MeSH Terms] OR macular edema[tiab])) OR
macular oedema) AND ((pegaptanib[Supplementary
Concept] OR pegaptanib[All Fields] OR macugen[All
Fields] OR bevacizumab[Supplementary Concept] OR
bevacizumab[All Fields] OR avastin[All Fields] OR
ranibizumab[Supplementary Concept] OR ranibizumab
[All Fields] OR lucentis[All Fields] OR aflibercept
[Supplementary Concept] OR aflibercept[All Fields] OR
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vegf trap[All Fields] OR eylea[All Fields])) OR (VEGF
inhibitor[tiab] OR vegf inhibitors[tiab] OR vascular
endothelial growth factor inhibitor OR vascular endo-
thelial growth factor inhibitors OR (intravitreal[All
Fields]) AND (adrenal cortex hormones[MeSH Terms]
OR adrenal cortex hormones[All Fields] OR cortico-
steroids[All Fields] OR adrenal cortex hormones[Phar-
macological Action] OR laser coagulation[MeSH
Terms] OR laser coagulation[Text Word] OR laser
photocoagulation OR vitreoretinal surgery[MeSH
Terms] OR vitreoretinal surgery[Text Word] OR pars
plana[Text Word] AND vitrectomy[MeSH Terms] OR
vitrectomy[Text Word] OR radial optic neurotomy OR
retinochoroidal anastomosis)) AND (visual acuity
[MeSH Terms] OR Visual acuity[Text Word] OR to-
mography, optical coherence[MeSH Terms] OR optical
coherence tomography[Text Word] OR adverse events
OR adverse event OR adverse effects[Subheading] OR
quality of life[MeSH Terms] OR quality of life[All
Fields] OR qol OR cataract[MeSH Terms] OR cataract
[Text Word] OR cataracts[Text Word] OR Glaucoma
[Mesh] OR glaucoma[Text Word] OR Ocular Hyper-
tension[Mesh] OR ocular hypertension[Text Word] OR
ocular hypertensions[Text Word])

The panel reviewed 109 articles in full text. Of these, 27
articles were deemed appropriate for inclusion in this
assessment and subsequently assigned a level of evidence
rating by the panel methodologist (J.E.T.). The rating scale
was based on that developed by the British Centre for
Evidence-Based Medicine.16 A level I rating was assigned to
well-designed andwell-conducted, randomized clinical trials;
a level II rating was assigned to well-designed case-control
and cohort studies and lower-quality randomized studies; and
a level III rating was assigned to case series, case reports, and
lower-quality cohort and case-control studies.

Level I evidencewas identified in 10 articles on anti-VEGF
pharmacotherapies for ME, including intravitreal bev-
acizumab (5), aflibercept (2), and ranibizumab (4). Level I
evidence was identified in 6 studies that examined intravitreal
corticosteroids, including triamcinolone (4) and the dexa-
methasone implant (2). Level I evidence was available on the
role for macular grid laser photocoagulation (7) and on scatter
peripheral laser (1). The inclusion of level II and level III
studies was limited given the extensive level I data available.
The number of studies on combination therapy is limited.

Key outcome measures included functional parameters
(e.g., change in visual acuity [VA], percentage of eyes
gaining �15 letters), anatomic parameters (e.g., change in
central foveal thickness [CFT], change in central subfield
thickness [CST]), and safety parameters (e.g., ocular adverse
events) as shown in Table 1.

Published Results

Natural History

Various studies have provided important information related to the
natural history of ME associated with BRVO. In fact, a number of
eyes may experience significant improvement without treatment. In
1414
the Branch Vein Occlusion Study (BVOS)5 (level I), a landmark
clinical trial that explored the role of macular grid laser
photocoagulation for ME associated with BRVO versus
observation, 37% of eyes in the control group experienced an
improvement of 2 or more lines. However, for the overall control
group, the mean final VA was just 20/70 with less than 1 line
gained.5 In the sham arm of the pivotal phase III RanibizumaB
for the treatment of macular edema following bRAnch retinal
Vein Occlusion (BRAVO) study,17 28.8% of eyes gained 3 or
more lines with observation and possible rescue laser. These
gains with observation alone must be considered in the context
of the more significant gains that are often seen with
pharmacotherapy, and potential delay in treatment may limit
overall response.18,23 Nevertheless, in select patients (e.g., those
with good VA or minimal symptoms) initial close observation
could be considered.

Macular Grid Laser Photocoagulation

The BVOS5 trial was designed to examine several questions: (1) Can
photocoagulation prevent the development of neovascularization?
(2) Can photocoagulation prevent vitreous hemorrhage? and (3)
Can photocoagulation improve VA in eyes with ME reducing
vision to 20/40 or worse? To best answer these questions, 4
separate BRVO groups were recruited. Group III included eyes
considered to be “at risk for vision loss from macular edema.” A
total of 139 patients (139 eyes) were enrolled in the 2 arms of
Group III. Patients with angiographic evidence of ME were
randomized to macular grid-pattern photocoagulation or observa-
tion (control group). The primary end point was measured as visual
improvement at 3 years. The average duration of follow-up was 3.1
years. Three-year follow-up was achieved in 86 of 139 eyes.
However, 8 eyes were excluded from analysis for various reasons. In
the grid laser group, 65% (28/43) of eyes gained 2 or more lines of
vision compared with 37% (13/35) in the control group over
consecutive visits (P ¼ 0.014). Until recently, this landmark study
served as the gold standard treatment for ME associated with
BRVO. However, many factors limit the results of this study,
including the delay in treatment of at least 3 months, the exclusion of
eyes with foveal hemorrhage, and the lack of spectral-domain optical
coherence tomography (OCT) data to understand the anatomic
response.

Intravitreal Corticosteroids

Triamcinolone. After the BVOS study, the next landmark study
for the treatment of ME secondary to BRVO came approximately
20 years later with the Standard Care vs. Corticosteroid for Retinal
Vein Occlusion (SCORE) study (level I) sponsored by the National
Eye Institute.22 The SCORE study compared 1 mg and 4 mg doses
of preservative-free IVTA acetonide (Trivaris, Allergan, Inc.,
Irvine, CA) with standard of care (grid laser photocoagulation) for
ME secondary to BRVO. The SCORE study enrolled 411 subjects
and was one of the first major randomized controlled trials for
BRVO to incorporate OCT into the assessment and inclusion
criteria for ME. Key inclusion criteria for SCORE included pre-
senting best-corrected visual acuity (BCVA) of 20/40 to 20/400
and time-domain OCT demonstrating a CST �250 mm. Prior
treatment with grid laser or panretinal photocoagulation was
allowed if it occurred at least 3.5 months (grid) or 4 months
(panretinal photocoagulation) before the study. Eyes with



Table 1. Major Clinical Trials Evaluating Therapeutic Alternatives for Macular Edema Secondary to Branch Retinal Vein Occlusion

Author(s), Year No. of Patients Study Duration Intervention Visual Outcome OCT Outcomes Safety Outcomes

BVOS Group,5 1984
(BVOS)

Total: 78 with �3 yrs follow-up
Laser: 43
Control: 35

3 yrs Laser photocoagulation Laser: 65% gained �2 lines
Control: 37% gained �2
lines

N/A <1% rate of adverse events

Campochiaro et al,17

2010 (BRAVO)
Brown et al,18 2011

(BRAVO)

Total: 397
RBZ 0.5 mg: 131
RBZ 0.3 mg: 134
Control: 132

1 yr with primary end
point at 6 mos

RBZ 0.5 mg
RBZ 0.3 mg
Sham injection
Monthly treatment for 6

mos, then PRN

6-mo outcomes:
RBZ 0.5 mg: þ18.3 letters;
61.1% gained �3 lines

RBZ 0.3 mg: þ16.6 letters;
55.2% gained �3 lines

Sham: þ7.3 letters; 28.8%
gained �3 lines

6-mo outcomes:
RBZ 0.5 mg: �345.2 mm
RBZ 0.3 mg: �337.3 mm
Sham: �157.7 mm

Severe ocular adverse events:
RBZ 0.5 mg: 1 case
endophthalmitis

RBZ 0.3 mg: 1 retinal
detachment

Severe systemic adverse
events:
0.5 mg: <1% stroke,
myocardial infarction

0.3 mg: <2% hypertension,
nonocular hemorrhage

Sham: <1% stroke

Heier et al,19 2012
(HORIZON)

BRVO Subgroup
RBZ: 0.5: 104
RBZ: 0.3/0.5: 103
RBZ: Sham/0.5: 97

12-mo extension of the
BRAVO study

RBZ 0.5 mg
Treatment every 3 mos,

more often PRN

Compared with HORIZON
baseline:
RBZ 0.5 mg: �0.7
RBZ 0.3/0.5 mg: �2.3
Sham/RBZ 0.5 mg:
þ0.9

Compared with BRAVO
baseline:
RBZ 0.5 mg: þ17.5
RBZ 0.3/0.5 mg: þ14.9
Sham/RBZ 0.5
mg: þ15.6

Compared with HORIZON
baseline:
RBZ 0.5 mg: þ35.3 mm
RBZ 0.3/0.5 mg:
þ6.3 mm

Sham/RBZ 0.5 mg:
þ3.7 mm

Compared with BRAVO
baseline:
RBZ 0.5 mg: 360.7 mm
RBZ 0.3/0.5 mg:
�307.4 mm

Sham/RBZ 0.5 mg:
�298.5 mm

Increased IOP in 2 patients
No difference in nonocular
serious adverse events

Campochiaro et al,20

2015 (VIBRANT)
Clark et al,21 2016

(VIBRANT)

Total: 183
IAI: 91
Laser: 92

24-wk primary end point,
1-yr study

IAI 2 mg
Laser
Treatment monthly with

IAI
Laser repeated at 12 wks

PRN
After first 24 wks:

IAI changed to every
8-wk dosing in IAI
group and IAI allowed
in laser group

24-wk results:
IAI: þ17.0 letters,
52.7% gained �3 lines

Laser: þ6.9 letters, 26.7%
gained �3 lines

52-wk results:
IAI: þ17.1 letters,

57.1% gained �3 lines
Laser/IAI: þ12.2 letters,

41.1% gained �3 or
more lines

24-wk results:
IAI: �280.5 mm
Laser: �128 mm

52-wk results:
IAI: �283.9 mm
Laser/IAI: �249.3 mm

Common adverse events at
24 wks:
Subconjunctival
hemorrhage:
IAI: 19.8%
Laser: 4.3%

Retinal neovascularization:
IAI: 0%
Laser: 3%

Traumatic cataract:
IAI: 1%
Laser 0%

Nonocular adverse events:
IAI: 47.3%
Laser: 50%

(Continued)
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Table 1. (Continued.)

Author(s), Year No. of Patients Study Duration Intervention Visual Outcome OCT Outcomes Safety Outcomes

Scott et al,22 2009
(SCORE)

Total 411
IVTA 4 mg: 138
IVTA 1 mg: 136
Laser: 137

12-mo primary end point,
36-mo total length

IVTA 4 mg
IVTA 1 mg
Laser
Treatment every 4 mos

as needed

IVTA 4 mg: þ4.0 letters,
27.2% gained 3 more
lines

IVTA 1 mg: þ5.7 letters;
25.6% gained �3 lines

Laser: þ4.2 letters, 28.9%
gained �3 lines

IVTA 4 mg: �170 mm
IVTA 1 mg: �149 mm
Laser: �224 mm

Similar systemic event rates
among all groups

IOP-lowering meds:
IVTA 4 mg: 41%
IVTA 1 mg: 7%
Laser: 2%

Surgery for glaucoma: 0% in
all groups for first 12 mos

Cataract progression:
IVTA 4 mg: 35%
IVTA 1 mg: 25%
Laser: 13%

Other serious ocular adverse
events:
IVTA 4 mg:
endophthalmitis <1%

Haller et al,7 2010
(GENEVA)

Haller et al,23 2011
(GENEVA)

Total: 1267
DEX 0.7 mg: 437 (291 BRVO)
DEX 0.3 mg: 414 (260 BRVO)
Sham: 426 (279 BRVO)

6-mo study with 6-mo
extension study for
safety surveillance

DEX 0.7 mg
DEX 0.3 mg
Sham
Single injection at

baseline. Re-treatment
at 6 mos with sham
crossover to 0.7 mg
dexamethasone.

Both dexamethasone groups
achieved �3 line-gain
faster than the sham
group

BRVO subgroup:
DEX 0.7 mg: 29% gained
�3 lines at day 60; 23%
at 180 days

DEX 0.3 mg: 26% at gained
�3 lines at day 60; 21%
at day 180

Sham: 13% gained �3 lines
at day 60; 20% at day 180

Overall OCT changes
(CRVO and BRVO):

DEX 0.7 mg: �208 mm at
day 90; �119 mm at day
180

DEX 0.3 mg: �177 mm at
day 90; �123 mm at day
180

Sham: �85 mm at day 90;
�119 mm at day 180

At 6 mos:
Ocular hypertension:
Sham 0.7%
DEX: 3.9%e4%
Cataract:
Sham: 4.5%
DEX: 4.1%e7.3%
Retinal neovascularization:
Sham: 2.6%
DEX 0.7%e1.0%

At 12 mos:
Cataract progression:
Retreatment group: 29.8%
Delayed initial treatment:
5.7%

Procedure required for IOP:
14 eyes in DEX-treated
group

Higashiyama et al,24 2013
(IVB vs. IVTA)

Total: 43
IVTA: 21
IVB: 43

1 yr IVB 1.25 mg
IVTA 4 mg
Single injection at

baseline. Additional
treatments allowed as
needed after 3 mos.

IVB: þ3.3 lines
IVTA: þ1.2 lines

IVB: �262 to �270 mm
IVTA: �304 to �306 mm

Elevated IOP:
IVB: 11%
IVTA: 22%

BRAVO ¼ RanibizumaB for the treatment of macular edema following bRAnch retinal Vein Occlusion; BRVO ¼ branch retinal vein occlusion; BVOS ¼ Branch Vein Occlusion Study; CRVO ¼ central
retinal vein occlusion; DEX ¼ dexamethasone; GENEVA ¼ Global Evaluation of implaNtable dExamethasone in retinal Vein occlusion with macular edema; HORIZON ¼ Open-Label Extension Trial of
Ranibizumab for Choroidal Neovascularization Secondary to Age-Related Macular Degeneration; IAI ¼ intravitreal aflibercept; IOP ¼ intraocular pressure; IVB ¼ intravitreal bevacizumab;
IVTA ¼ intravitreal triamcinolone; N/A ¼ not available; OCT ¼ optical coherence tomography; PRN ¼ pro re nata (as needed); RBZ ¼ ranibizumab; SCORE ¼ Standard Care vs. Corticosteroid for
Retinal Vein Occlusion.
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intraocular pressure (IOP) �25 mmHg or any history of glaucoma
were excluded.

Enrolled patients were randomly assigned to standard of care
(grid laser photocoagulation), 1mg triamcinolone acetonide, or 4mg
triamcinolone acetonide. Re-treatment occurred at 4-month intervals
unless the previous treatment was successful (e.g., OCT without
fluid, VA of�20/25), the treatment was contraindicated as a result of
potential adverse events (e.g., IOP increase) or if the treatment was
“apparently futile” (defined as a period of�8months during which 2
treatments occurred with no evidence of even borderline improve-
ment). The primary efficacy outcome was measured at month 12 and
was defined as the proportion of patients with a gain of 15 or more
letters in VA. The primary end point was met in 28.9%, 25.6%, and
27.2% for the laser photocoagulation, 1 mg, and 4 mg groups,
respectively. Themean number of letters gainedwas 4.2, 5.7, and 4.0
in the laser photocoagulation, 1 mg, and 4 mg groups, respectively.
There were no differences between the groups in either of these
measures, but the 4 mg group had the highest rates of adverse events
(35% had cataract progression, 41% required IOP-lowering medi-
cations). Through 12 months, no eyes in any of the groups required
filtering surgery. By year 2, 1 eye required trabeculectomy and 1 eye
in the 4 mg group required a tube shunt procedure.

Center-point thickness decreased in all groups over the course
of the study. At the 4-month follow-up, the 4 mg triamcinolone
group had decreased the most (142 mm) compared with the 1 mg
group (77 mm) and laser group (113 mm); P ¼ 0.008, but by the
12-month follow-up, all groups had experienced similar median
reduction in center-point thickness. The conclusion of SCORE was
that there were no significant differences between triamcinolone
and laser photocoagulation.

Dexamethasone (Ozurdex Intravitreal Implant). The
dexamethasone implant was evaluated in the Global Evaluation of
implaNtable dExamethasone in retinal Vein occlusion with mac-
ular edemA (GENEVA) trial7,23 (level I) for safety and efficacy in
the treatment of ME associated with BRVO and central retinal vein
occlusion (CRVO). The GENEVA trial consisted of 2 identical,
multicenter, sham-controlled clinical trials with a 6-month primary
end point after a single injection of the dexamethasone implant. A
total of 1267 patients were randomized in a 1:1:1 ratio to dexa-
methasone implant 0.7 mg (n ¼ 427), 0.35 mg (n ¼ 414), or sham
(n ¼ 426). Key inclusion criteria included VA between 20/50 and
20/200 in the study eye and a CST �300 mm on time-domain OCT.
For inclusion in the study, the duration of BRVO was required to
be between 6 weeks and 12 months. Prior laser photocoagulation
was allowed, and 90% or more of eyes in all 3 groups had prior
laser before study entry.

The primary outcome was the time to reach a 15-letter gain in
BCVA from baseline. The initial portion of the study was for 6
months. Of the total enrollment population, 830 patients (66%) had
a BRVO. Both dosages for the dexamethasone implant achieved a
15-letter improvement faster than the sham group (P < 0.001). At
day 180, the cumulative response of achieving a 15-letter
improvement in eyes with BRVO was approximately 41% and
40% in the dexamethasone implant 0.7 mg and 0.35 mg groups,
respectively, and approximately 23% in the sham group. The
percentage of eyes that maintained a 15-letter improvement was
higher in eyes treated with either dose of dexamethasone at days 30
to 90 (P < 0.001). The peak difference between groups of eyes
maintaining a 15-letter improvement was seen on day 60 with 30%
of eyes in the 0.7 mg group, 26% of eyes in the 0.35 mg group, and
13% of eyes in the sham group achieving that end point. At day
180, the therapeutic effect of the dexamethasone implant had
waned and there were no differences in 15-letter gain between the
groups at day 180 (22% in the 0.7 mg group, 19% in the 0.35 mg
group, 18% in the sham group). The overall mean increase in VA
from baseline (e.g., letters gained) was higher in both dexameth-
asone groups from day 30 to day 180 compared with sham (P <
0.007). A subgroup post hoc analysis revealed that BRVO eyes
with a shorter duration of ME at baseline (�90 days) had greater
improvements in VA compared with eyes with a longer duration of
ME. Anatomic changes based on OCT results were not provided
specifically for the BRVO subgroup. Overall anatomic results (i.e.,
combined CRVO and BRVO) showed significant decreases in
central retinal thickness in both dexamethasone groups (208 mm for
0.7 mg, 177 mm for 0.35 mg) compared with the sham group
(85 mm). By day 180, anatomic changes were not significantly
different among the groups.7

During the initial 6 months of treatment, a single intravitreal
dexamethasone injection resulted in ocular hypertension in 3.9% to
4% of the eyes compared with 0.7% in the sham group. There were
no significant differences in cataract formation at 6 months. A
6-month extension of the GENEVA study examined safety
outcomes at 12 months. All eyes were eligible for 0.7 mg dexa-
methasone therapy. Cataract progression occurred in 29.8% of eyes
that were re-treated with dexamethasone compared with 5.7% of
eyes that received a single implant. Overall, 32.8% of eyes in the
retreatment group experienced a 10 mmHg or more IOP increase.
Overall, 25.5% of eyes in the initial dexamethasone treatment
groups were started on IOP-lowering medications, and an addi-
tional 10.3% began IOP-lowering medications after the second
implant.23

Anti-Vascular Endothelial Growth Factor
Pharmacotherapies

Ranibizumab. Ranibizumab was the first VEGF inhibitor to be
evaluated in large-scale, randomized, controlled trials for BRVO.
Campochiaro et al17 (level I) published the pivotal phase III results
of the BRAVO study. The BRAVO study compared 2 ranibizumab
doses, 0.3 mg and 0.5 mg, and sham. Rescue grid laser was
allowed at month 3. The primary efficacy outcome was the mean
change in VA at 6 months. A total of 397 patients were
randomized 1:1:1 to receive monthly injections of 0.3 mg,
0.5 mg ranibizumab, or sham. Inclusion criteria consisted of
BRVO diagnosis within 12 months of study enrollment, BCVA
20/40 to 20/400, and mean CST �250 mm using time-domain
OCT. The percentage of patients who gained 15 or more letters
in BCVA was 55.2% (0.3 mg) and 61.1% (0.5 mg) in the ranibi-
zumab groups compared with 28.8% in the sham group (P <
0.0001). From an anatomic standpoint, CFT decreased by 337 mm
and 345 mm in the 0.3 mg and 0.5 mg ranibizumab groups,
respectively, and 158 mm in the sham group (P < 0.0001). Rescue
laser was more frequent in the sham group (54.5%) compared with
the ranibizumab groups (18.7%e19.8%). There was 1 case of
endophthalmitis in the 0.5 mg group. Systemically, there was 1
hemorrhagic stroke in both the sham group and the 0.5 mg group.
In addition, there were 3 cases of nonocular hemorrhage and 1 case
of myocardial infarction in the ranibizumab groups.
1417
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Although the primary end point was at 6 months, the 12-month
outcomes have been reported for the BRAVO study (level I).18

After the initial monthly dosing period of 6 months, patients
were switched to a pro re nata (PRN) regimen. Eyes were
eligible for treatment if VA was �20/40 or CST was �250 mm.
The sham group was treated with 0.5 mg after 6 months. The
0.3 mg and 0.5 mg groups were continued with their original
dose. The visual gains at 6 months were maintained in the
ranibizumab groups at 12 months: 16.4 (14.5e18.4) letters in the
0.3 mg group and 18.3 (15.8e20.9) letters in the 0.5 mg group.
After crossover to treatment, the sham group also experienced
improvement with a mean gain of 12.1 (9.6e14.6) letters;
however, the sham crossover group did not achieve the same
level of improvement as the groups originally treated with
ranibizumab (P < 0.01 for each ranibizumab group vs. sham).
Likewise, at 12 months, 56% of the 0.3 mg group and 60.3% of
the 0.5 mg group had gained 15 or more letters from baseline
compared with 43.9% of patients in the sham group (P < 0.05
for each ranibizumab group vs. sham). Significant anatomic
improvements were maintained at 12 months, including a mean
change in CFT of �313.6 mm in the 0.3 mg group, �347.4 mm
in the 0.5 mg group, and �273.7 mm in the sham group (P <
0.05 for the 0.5 mg group and sham/0.5 mg group). The safety
profile remained similar to the results reported at 6 months.

After the BRAVO study, the Open-Label Extension Trial of
Ranibizumab for Choroidal Neovascularization Secondary to Age-
Related Macular Degeneration (HORIZON) study19 (level II) was
initiated as a 24-month open-label, single-arm extension trial for
both the BRAVO and other phase III ranibizumab studies. The
HORIZON trial consisted of study evaluation at a minimum of
every 3 months. At each visit, patients could receive 0.5 mg
ranibizumab if there was persistent ME deemed by the investigator
to be affecting VA. Rescue laser could be performed if VA was
�20/40 resulting from ME. The HORIZON study was
discontinued at the time ranibizumab was approved by the FDA for
the treatment of ME secondary to retinal vein occlusion (RVO),
resulting in variable follow-up among study patients. Approxi-
mately 63% of patients completed the 12-month visit in the HO-
RIZON study. Efficacy outcomes were reported for 205 eyes from
the BRAVO trial that had 12-month HORIZON follow-up. Safety
outcomes were assessed for the entire duration of study partici-
pation. The mean number of injections performed ranged from 2.0
to 2.4 during the 12 months of the study in each of the previous
BRAVO groups. Mean change in VA at 12 months compared with
BRAVO baseline BCVA was þ15.6, þ14.9, and þ17.5 letters in
the sham/0.5 mg, 0.3 mg/0.5 mg, and 0.5 mg/0.5 mg treatment
groups, respectively. However, relative to the HORIZON baseline,
eyes generally experienced no change or slight decline in VA
(0.9, �2.3, and �0.7 letters in the sham/0.5 mg, 0.3 mg/0.5 mg,
and 0.5 mg/0.5 mg treatment groups, respectively). The study
suggests that decreased follow-up frequency may have resulted in
slow decline from the maximal gains that can be achieved with
monthly follow-up.

Tadayoni et al25 (level I) also reported a phase IIIb study
examining 0.5 mg ranibizumab, 0.5 mg ranibizumab with
adjunctive laser, and laser alone. For the ranibizumab groups, 3
monthly ranibizumab injections were mandated and then subjects
were treated on the basis of a VA protocol. If a loss of VA
occurred on the basis of disease activity, re-treatment
commenced. There were 455 eyes included in this study, with
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183 in the ranibizumab group, 180 in the ranibizumab/laser group,
and 92 in the laser group. At 6 months, both ranibizumab groups
gained 14.8 letters compared with 6.0 letters in the laser group
(P < 0.0001). In the ranibizumab groups, 45% to 47% of eyes
gained 15 or more letters compared with 27.8% in the laser group.
Injections were similar between both ranibizumab groups, but this
short study was not designed to examine differences in injection
burden. Anatomically, the mean central subfield foveal thickness
change at 6 months was �223.3 mm in the ranibizumab
group, �240.1 mm in the ranibizumab/laser group, and �89.8 mm
in the laser group (P < 0.0001).

Aflibercept/Vascular Endothelial Growth Factor Trap-
Eye. The phase III VIBRANT study3 (level I) was a double-
masked, active-controlled, randomized, phase III trial that
evaluated aflibercept for ME secondary to BRVO and reported the
24-week results of intravitreal aflibercept injection versus macular
grid for edema after BRVO. Of note, this study examined whether
aflibercept was superior to grid laser. This was not possible in the
BRAVO trial because grid laser was used as a rescue therapy, not
as primary therapy. Key inclusion criteria included eyes with a
BRVO within the last 12 months and BCVA between 20/40 and
20/320. Previous treatment (e.g., pharmacologic, laser) was not
allowed, making all eyes in this study treatment-naïve. Study eyes
were randomized 1:1 between the aflibercept and laser groups.
Sham injections were performed in the laser group, and sham laser
was performed in the aflibercept group. The aflibercept group was
treated with intravitreal 2 mg aflibercept every 4 weeks from
baseline to week 20. The laser group was treated at baseline and
then was eligible for rescue laser starting at week 12. A total of 183
eyes were enrolled, 92 in the laser group and 91 in the aflibercept
group. The primary end point was the percentage of eyes gaining
15 or more letters at 24 weeks. The proportion of eyes that gained
15 or more Early Treatment Diabetic Retinopathy Study letters
from baseline to week 24 was 52.7% in the aflibercept group
compared with 26.7% in the laser group (P ¼ 0.0003). The mean
reduction in CST on spectral-domain OCT from baseline at week
24 was 280.6 mm in the aflibercept group and 128.0 mm in the laser
group (P < 0.0001). Overall, monthly aflibercept provided
significantly better visual benefit and reduction in CST at 24 weeks
than laser photocoagulation in eyes with ME secondary to BRVO.
The only serious ocular adverse event that occurred was a trau-
matic cataract in 1 patient in the aflibercept group. The nonocular
adverse events were balanced between the 2 groups.

After the initial 24 weeks, the laser-only group was allowed to
receive intravitreal aflibercept. In addition, the intravitreal afli-
bercept group transitioned from dosing every 4 weeks to dosing
every 8 weeks. The gains made with monthly dosing during the
first 24 weeks of the study were maintained with every 8-week
dosing.21 At 52 weeks, 57.1% of eyes in the aflibercept group
gained 15 or more letters. The laser/aflibercept group made
significant gains after initiating aflibercept therapy with 41.1% of
eyes gaining 15 or more letters at 52 weeks compared with
26.7% at 24 weeks with laser only. However, this percentage
was still less than the original aflibercept group (P ¼ 0.0296),
supporting the importance of avoiding significant delays in
treatment. When aflibercept was added for the laser group, there
was an improvement in BCVA at 52 weeks compared with laser
alone at 24 weeks (þ12.2 vs. 6.9 letters). Similar results were
seen for anatomic response. The mean reduction in CST from
baseline at week 52 was 283.9 mm in the aflibercept group and



Ehlers et al � Ophthalmic Technology Assessment
249.3 mm in the laser/aflibercept group (P < 0.0218). This was
compared with the 128 mm reduction seen after laser alone at 24
weeks. Overall, these results demonstrated similar anatomic
results even with delayed treatment, but functional response did
not rebound to the same level as those eyes treated initially with
aflibercept.21

Bevacizumab. Multiple studies26e28 have evaluated the effi-
cacy of bevacizumab for ME associated with BRVO, and many
were retrospective or small. Russo et al29 (level I) reported the
results of a prospective, randomized study of 30 eyes of 30
consecutive patients with BRVO who were treated with
intravitreal bevacizumab 1.25 mg (n ¼ 15) or macular grid laser
photocoagulation (n ¼ 15) over 12 months. Complete baseline
ophthalmologic examinations were performed before macular
grid laser photocoagulation or bevacizumab injection and then
subsequently at 1, 3, 6, and 12 months after treatment. In the
macular grid laser photocoagulation group, BCVA improved by
0.19, 0.22, 0.21, and 0.20 logarithm of the minimum angle of
resolution (logMAR) (1.9 lines, 2.2 lines, 2.1 lines, and 2.0 lines
equivalent), and CST decreased by 40%, 41.3%, 40.5%, and
42% for each time point, respectively. In the bevacizumab group,
BCVA improved by 0.31, 0.32, 0.30, and 0.31 logMAR (3.1
lines, 3.2 lines, 3.0 lines, and 3.1 lines equivalent) and CST
decreased by 59.5%, 59%, 60%, and 60.3% for each time point,
respectively. The bevacizumab group had better BCVA and
lower CST values than the groups receiving photocoagulation at
all time points (P < 0.005).

Intravitreal bevacizumab has been prospectively compared with
subthreshold grid laser treatment, an unproven therapy for ME in
BRVO. In this prospective, randomized interventional study (level
I),30 35 eyes were divided between micropulse subthreshold grid
laser and intravitreal bevacizumab 1.25 mg administered
according to a PRN treatment regimen. Primary outcome
measures were mean change in VA at 12 months and change in
CFT on OCT. At 12 months, CFT was significantly improved in
the bevacizumab group (�213 mm) and was unchanged in the
laser group. Likewise, the laser group experienced no change in
BCVA, whereas 58% of the bevacizumab group gained 3 or
more lines (P < 0.05). No anatomic or visual improvement was
seen with micropulse subthreshold laser in this small study.

Pegaptanib. Only limited studies are available related to the
use of intravitreal pegaptanib for ME secondary to BRVO. Wro-
blewski et al31 (level II) reported a dose-finding prospective study.
This study included 20 eyes with center-involving ME secondary
to BRVO. Subjects were randomized 3:1 to intravitreal injections
of pegaptanib 0.3 mg or 1 mg at baseline and at weeks 6 and 12
with subsequent injections at 6-week intervals at investigator
discretion until week 48. Macular grid laser was allowed as a
rescue therapy at 18 weeks and was performed in 11% of eyes. The
results were similar in both the 0.3 mg (n ¼ 15) and 1 mg (n ¼ 5)
groups. Approximately 55% of eyes experienced a 15-letter or
greater improvement in VA at 1 year, with a mean letter gain of 14
letters at 1 year. Improvement in VA occurred rapidly after the first
injection (11�7 letters at 1 week from the baseline of 56�12 let-
ters) and was paralleled by reductions in CST (�201�153 mum).
One retinal detachment and no cases of endophthalmitis or trau-
matic cataract were observed.

Cross-Study Comparisons. When comparing the results
from various studies (e.g., BRAVO and SCORE, BRAVO,
GENEVA), several important differences in study design and study
population must be considered. For example, eyes with more
severe disease (e.g., presence of a relative afferent pupillary defect)
and more chronic disease were allowed in SCORE but not
BRAVO. This may have resulted in more eyes with greater
potential response being enrolled in BRAVO compared with
SCORE. In addition, follow-up intervals were significantly longer
in SCORE, which may have resulted in undertreatment and
underperformance. Likewise, GENEVA allowed only a single
treatment with a dexamethasone implant during the initial 6 months
of the study, potentially resulting in undertreatment, because this
implant was initially thought to have a 6-month duration but was
shown in the trials to have peak effect at 60 to 90 days. These
factors must be considered when examining the overall results of
these studies.

Other Studies: Direct Comparison of Therapies
and Combination Therapy Studies

Narayanan et al32 (level I) reported a prospective, randomized,
noninferiority trial comparing ranibizumab (n ¼ 37) and
bevacizumab (n ¼ 38) in BRVO. Seventy-five participants were
enrolled and randomly assigned to 0.5 mg ranibizumab or 1.25 mg
bevacizumab. Patients were treated at baseline and retreated on a
PRN regimen based on the presence of diffuse persistent edema in
the central subfield or a >50 mm increase in CRT on spectral-
domain OCT from the lowest previous measurement. Both
groups experienced significant gains in VA (þ18.1 letters for
ranibizumab, þ15.6 letters for bevacizumab). In addition, there
was a significant reduction in CRT in both groups (�177.1 mm in
the ranibizumab group, �201.7 in the bevacizumab group). There
were no significant functional or anatomic differences between the
2 groups. The mean number of injections was similar in both
groups.

Higashiyama et al24 (level I) reported a small, prospective,
randomized, comparative trial examining the relative efficacy of
intravitreal injections of triamcinolone acetonide and
bevacizumab for ME secondary to BRVO. Forty-three eyes were
randomly assigned to a 4 mg intravitreal injection of triamcinolone
or 1.25 mg intravitreal injection of bevacizumab and followed for
12 months. After the initial injection, no additional treatment was
provided for 3 months; additional injections were administered
when ME recurred between months 3 and 12. Eighteen eyes in
each group completed the follow-up at 12 months. The mean
improvement in BCVA from baseline was 0.12 logMAR (1.2 lines
equivalent) in the triamcinolone group and 0.33 logMAR (3.3 lines
equivalent) in the bevacizumab group, which was significantly
greater in the bevacizumab group (P ¼ 0.032). However, there was
no difference in the mean reduction in CST from baseline to 12
months after initial injection. Two eyes in the triamcinolone group
required IOP-lowering medications. Given the 3-month deferral of
treatment after the initial injection, it is possible that both groups
may have been undertreated. Lens status also was not discussed,
which is important given the differential potential for cataract
progression between therapies.

One prospective, randomized study33 (level I) examined 3
groups: 4 mg IVTA every 3 months as needed, 1.25 mg
bevacizumab every month as needed, and combined 1.25 mg
bevacizumab/2 mg triamcinolone every 2 months as needed. All
3 groups had similar baseline characteristics. This study
demonstrated that at 6 months, VA improvement was
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demonstrated only in the bevacizumab group. All 3 groups
demonstrated reduction in ME. Ocular adverse events, in
particular elevated IOP (mean 1.4 mmHg increase in the 4 mg
triamcinolone group, �0.1 in the bevacizumab group, and 0.5 in
the combination group) and cataract progression (36% in the 4
mg triamcinolone group, 8% in the bevacizumab group, and 10%
in the combination group), were more frequent in the 4 mg
triamcinolone group.

A small, nonrandomized comparative study34 (level III) also
examined the relative efficacy and safety of intravitreal bevacizumab
and the dexamethasone implant in 19 eyes with ME and BRVO. The
bevacizumab group received 3 initial monthly 1.25 mg bevacizumab
injections. In the dexamethasone group, eyes received a 0.7 mg
dexamethasone implant at baseline. Additional treatment in both
groups could be performed at month 4 on the basis of increased CFT
or decreased VA. Eight patients were in the bevacizumab group, and
11 patients were in the dexamethasone group. Both VA and CFT
were significantly better in the dexamethasone group at 1 month
after treatment. However, there were no differences in the groups at
any other time points in terms of VA or CFT. A higher percentage of
eyes (30%) in the bevacizumab group gained 15 or more letters
compared with the dexamethasone group (11%). Ocular
hypertension occurred in 9% of eyes in the dexamethasone group
and in none of the bevacizumab eyes.

An additional small, prospective, randomized study26 (level II)
compared bevacizumab with combined grid-laser/bevacizumab
therapy. A total of 18 eyes were enrolled. Eyes in both groups
were given bevacizumab monthly for 3 months and then treated
PRN. Grid laser was performed at baseline in the combination
therapy group. Eyes were subsequently followed at 3-month and 6-
month intervals. Both groups showed a similar reduction in central
retinal thickness and an improvement in VA. Eyes in the combi-
nation group had fewer injections (P ¼ 0.03).

Scatter laser photocoagulation to areas of peripheral ischemia
identified on fluorescein angiography has generated interest as a
potential treatment adjunct for intravitreal pharmacotherapy. One
prospective cohort study35 demonstrated that an increased
percentage of ischemia (i.e., ischemic index) was associated with
greater CST and poorer VA. In addition, these parameters were
associated with a greater improvement in anatomic and functional
improvement after treatment. Targeted treatment of the ischemic
zones in the retinal periphery potentially would reduce the overall
VEGF burden and might reduce the overall intravitreal treatment
frequency. The Ranibizumab Dose Comparison and the Role of
Laser in the Management of Retinal Vein Occlusion trial36 (level
I) was a prospective, double-masked, randomized trial that
assessed the supplemental role of scatter/grid laser at 24weeks on the
treatment burden in patients receiving 0.5mg versus 2.0mgmonthly
injections. The Ranibizumab Dose Comparison and the Role of
Laser in theManagement of Retinal Vein Occlusion trial included 39
CRVO subjects and 42 BRVO subjects. After 24 weeks of monthly
therapy, subjects were randomized to scatter laser or no laser and
treated on a PRN regimen with ranibizumab. The application of
scatter and grid laser did not appear to result in improved anatomic or
visual outcomes at weeks 48, 96, and 144.

Chorioretinal (Retinochoroidal) Anastomosis

The principle behind the creation of a chorioretinal anastomosis is
to establish an alternative outflow pathway after RVO. Laser
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anastomosis has been examined in both CRVO and BRVO but
studied more thoroughly in CRVO.14,15 All reports on BRVO are
small studies that showed potential trends toward improving VA,
but data on overall safety and efficacy are limited.

Vitrectomy

Vitrectomy with possible ILM peeling or arteriovenous (AV)
sheathotomy also has been proposed as a potential treatment mo-
dality for ME secondary to RVO. The principle around AV shea-
thotomy is that releasing the tension in the sheath may decompress
the affected vein, resulting in improved vascular flow. Chung
et al37 (level I) performed a randomized, prospective comparative
trial comparing vitrectomy plus AV sheathotomy (n ¼ 20) with
IVTA (n ¼ 20). At 6 months, the functional and anatomic
outcomes were similar, although triamcinolone achieved those
results more quickly. At 1 month, the IVTA group demonstrated
a higher mean IOP than the AV sheathotomy group (P ¼ 0.029).
Cataract progression was noted in both groups.

Kumagai et al38 (level II) performed a prospective, randomized,
interventional case series comparing vitrectomy with vitrectomy
plus AV sheathotomy. Thirty-six eyes were enrolled. Visual acu-
ity and ME improved in both groups over the 12-month duration of
the study, but there was no difference in the final outcomes be-
tween the 2 groups. However, there was no control group to
compare natural history. There was a trend toward greater visual
improvement with AV sheathotomy in eyes with BRVO for less
than 4 weeks’ duration at study entry (P ¼ 0.064).

Another small, prospective, nonrandomized, comparative
interventional trial39 (level II) (n ¼ 10) compared AV sheathotomy
with observation with or without laser. Visual acuity was relatively
poor given the entry criteria of 20/70 or worse. The baseline mean
VA was 20/250 in the surgery group and 20/180 in the observation
group. At 12 months, there was a 4.55-line improvement compared
with a 1.55-line improvement for the observation group (P¼ 0.02).
Another small study40 (level II) compared AV sheathotomy
(n ¼ 11) with laser photocoagulation (n ¼ 10). This study was
nonrandomized. In the surgery group, there was an improvement
in VA of 4.8 lines at 9 months compared with 2.4 lines in the
laser group.

In addition to vitrectomy with or without AV sheathotomy,
ILM peeling has been proposed as a treatment alternative.
Raszewska-Steglinska et al13 (level III) reported a small,
prospective, nonrandomized, uncontrolled case series of eyes
with BRVO or CRVO undergoing vitrectomy with ILM peeling
over the whole macular area (e.g., 2.5e3.0 disc diameters).
Inclusion criteria included RVO duration of less than 7 months
and VA of �20/50. Fourteen patients with BRVO were enrolled.
None of the eyes experienced loss of vision, and 71.4%
experienced some level of improvement. Adverse events in all
eyes included 23% with an increase in IOP and 11% with
increased cataract. Treatment appeared to have a more dramatic
effect in eyes treated with less than a 1-month duration of RVO.

Systemic Hemodilution

Systemic hemodilution was evaluated in a small, prospective,
randomized study41 (level II) for eyes with BRVO. The target
hematocrit was less than 35%. Up to 500 ml of blood was
removed, and the volume was replaced with an equal volume of
6% hydroxyethylstarch, a commonly used plasma expander.
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Maximum duration of BRVO for inclusion in the study was 3
months. Thirty-four subjects were randomized to hemodilution
(n ¼ 18) versus observation (n ¼ 16). Rescue laser photocoagu-
lation was allowed and performed in 44% of control eyes and 28%
of treatment eyes. At 1 year, there was a greater improvement in
VA in the hemodilution group compared with the control group.
Two of 18 subjects in the hemodilution group experienced
lightheadedness.
Economic and Quality of Life
Considerations

One report42 has focused on 1- and 3-year costs in the
United States for both CRVO and BRVO. Direct medical
costs were calculated on the basis of Medicare re-
imbursements and showed that the mean 1-year cost of
BRVO management was approximately $10 153 and the
3-year cost was $28 885 per patient. These costs likely
would vary widely on the basis of the drug selected for
treatment and the drug-treatment interval. Not surprisingly,
these costs do not include the costs associated with
comorbidities, such as managing hypertension and diabetes
mellitus. By combining these cost estimates and prevalence
data from the Beaver Dam Eye Study, the annual cost
burden to the U.S. medical care system was calculated to be
approximately $4.5 billion dollars for BRVO. For perspec-
tive, glaucoma has been estimated to cost approximately
$228 to $242 per person per year.43 Studies on neovascular
age-related macular degeneration have shown that the mean
annual cost of monthly treatment for that condition ranged
from $595 to $23 400, depending on the drug used.44

Another study45 examined the economics of the
treatment of BRVO with pharmacotherapy and the cost
burden of each line of vision saved based on current
clinical trial data. The cost of IVTA for 1 year was
estimated at $1131 per VA line saved, and the cost of
ranibizumab for 1 year was estimated at approximately
$13 039 per VA line saved. Durability and adverse events
were not factored into these calculations. It is also
important to keep in mind that these are based on the
clinical trial designs and treatment frequency of the
available large, randomized, controlled trials.

The visual loss associated BRVO has been linked to
reduced quality of life, and studies have reported that most
patients are receptive to receiving intravitreal pharmaco-
therapy.46 Quality of life data from the BRAVO and
VIBRANT studies have revealed that anti-VEGF therapy
results in overall improvement in vision-related quality of
life at 1 month and 6 months after therapy.20,47
Conclusions

Multiple pharmacotherapies appear to be safe and effective
treatments for ME secondary to BRVO. Level I evidence
has shown anti-VEGF therapy, in particular, to result in
significant VA improvement compared with laser or
observation with a tolerable safety profile. Minimal data are
currently available on the differential effectiveness of the
various anti-VEGF inhibitors, switching between agents,
and the optimal long-term dosing schedule (e.g., PRN, treat-
and-extend). On the basis of level I evidence, corticosteroid
trials have exhibited favorable results. Dexamethasone
implant trials have shown more rapid improvement in VA
compared with sham injections and IVTA, demonstrating
similar results to grid laser photocoagulation, but intravitreal
corticosteroids are associated with more frequent ocular side
effects (e.g., IOP increase, cataracts). A balanced approach
would recognize that although some eyes may have a
favorable natural history, earlier intervention may be asso-
ciated with better visual and anatomic outcomes, particu-
larly in eyes with foveal-involved edema. Alternative
therapies such as vitrectomy, ILM peeling, AV sheathot-
omy, and laser chorioretinal anastomosis may play a role in
select cases, but the overall evidence for these approaches is
limited. Current evidence on comparative therapy across
drug classes and within drug classes is limited. Robust ev-
idence on combination therapy also is lacking.
Future Research

Future research should focus on long-term dosing strategies,
comparative efficacy among agents, and combination ther-
apy. New approaches to therapeutic delivery, such as topical
therapy or oral therapies, may have important implications
for long-term management. Another important area of active
research is extended delivery therapeutics to reduce the
current injection-frequency burden that is borne by both
physicians and patients. Areas of additional research include
novel laser surgery approaches, such as targeted panretinal
photocoagulation and micropulse laser. Imaging advances
also may play a role in the approach to therapeutics and
prognosis, including OCT angiography and ultra wide-field
angiography, and additional research is needed with these
modalities to better elucidate their role in disease
management.
References

1. Rogers S, McIntosh RL, Cheung N, et al. The prevalence of
retinal vein occlusion: pooled data from population studies
from the United States, Europe, Asia, and Australia.
Ophthalmology. 2010;117:313-319.

2. Mitry D, Bunce C, Charteris D. Anti-vascular endothelial
growth factor for macular oedema secondary to branch retinal
vein occlusion. Cochrane Database Syst Rev. 2013;(1):
CD009510.

3. Koss MJ, Pfister M, Rothweiler F, et al. Comparison of
cytokine levels from undiluted vitreous of untreated patients
with retinal vein occlusion. Acta Ophthalmol. 2012;90:e98-
e103.

4. Aiello LP, Avery RL, Arrigg PG, et al. Vascular endothelial
growth factor in ocular fluid of patients with diabetic reti-
nopathy and other retinal disorders. N Engl J Med. 1994;331:
1480-1487.

5. The Branch Vein Occlusion Study Group. Argon laser
photocoagulation for macular edema in branch vein occlusion.
Am J Ophthalmol. 1984;98:271-282.
1421



Ophthalmology Volume 124, Number 9, September 2017
6. Park SP, Ahn JK. Changes of aqueous vascular endothelial
growth factor and interleukin-6 after intravitreal triamcinolone
for branch retinal vein occlusion. Clin Experiment Oph-
thalmol. 2008;36:831-835.

7. Haller JA, Bandello F, Belfort Jr R, et al, OZURDEX
GENEVA Study Group. Randomized, sham-controlled trial of
dexamethasone intravitreal implant in patients with macular
edema due to retinal vein occlusion. Ophthalmology.
2010;117:1134-1146.

8. Lee JH, Canny MD, De Erkenez A, et al. A therapeutic
aptamer inhibits angiogenesis by specifically targeting the
heparin binding domain of VEGF165. Proc Natl Acad Sci U S
A. 2005;102:18902-18907.

9. Wroblewski JJ, Wells 3rd JA, Adamis AP, et al. Pegaptanib
sodium for macular edema secondary to central retinal vein
occlusion. Arch Ophthalmol. 2009;127:374-380.

10. Ferrara N, Damico L, Shams N, et al. Development of rani-
bizumab, an anti-vascular endothelial growth factor antigen
binding fragment, as therapy for neovascular age-related
macular degeneration. Retina. 2006;26:859-870.

11. Ferrara N, Hillan KJ, Gerber HP, Novotny W. Discovery and
development of bevacizumab, an anti-VEGF antibody for
treating cancer. Nat Rev Drug Discov. 2004;3:391-400.

12. Holash J, Davis S, Papadopoulos N, et al. VEGF-Trap: a
VEGF blocker with potent antitumor effects. Proc Natl Acad
Sci U S A. 2002;99:11393-11398.

13. Raszewska-Steglinska M, Gozdek P, Cisiecki S, et al. Pars
plana vitrectomy with ILM peeling for macular edema sec-
ondary to retinal vein occlusion. Eur J Ophthalmol. 2009;19:
1055-1062.

14. Fekrat S, Goldberg MF, Finkelstein D. Laser-induced cho-
rioretinal venous anastomosis for nonischemic central or branch
retinal vein occlusion. Arch Ophthalmol. 1998;116:43-52.

15. Bavbek T, Yenice O, Toygar O. Problems with attempted
chorioretinal venous anastomosis by laser for nonischemic
CRVO and BRVO. Ophthalmologica. 2005;219:267-271.

16. Oxford Centre for Evidence-Based Medicine - Levels of evi-
dence (March 2009). Available at: http://www.cebm.net/index.
aspx?o¼1025. Accessed January 31, 2017.

17. Campochiaro PA, Heier JS, Feiner L, et al. Ranibizumab for
macular edema following branch retinal vein occlusion: six-
month primary end point results of a phase III study.
Ophthalmology. 2010;117:1102-1112.

18. Brown DM, Campochiaro PA, Bhisitkul RB, et al. Sustained
benefits from ranibizumab for macular edema following
branch retinal vein occlusion: 12-month outcomes of a phase
III study. Ophthalmology. 2011;118:1594-1602.

19. Heier JS, Campochiaro PA, Yau L, et al. Ranibizumab for
macular edema due to retinal vein occlusions: long-term
follow-up in the HORIZON trial. Ophthalmology. 2012;119:
802-809.

20. Campochiaro PA, Clark WL, Boyer DS, et al. Intravitreal
aflibercept for macular edema following branch retinal vein
occlusion: the 24-week results of the VIBRANT study.
Ophthalmology. 2015;122:538-544.

21. Clark WL, Boyer DS, Heier JS, et al. Intravitreal aflibercept
for macular edema following branch retinal vein occlusion: 52-
week results of the VIBRANT study. Ophthalmology.
2016;123:330-336.

22. Scott IU, Ip MS, VanVeldhuisen PC, et al, SCORE Study
Research Group. A randomized trial comparing the efficacy
and safety of intravitreal triamcinolone with standard care to
treat vision loss associated with macular Edema secondary to
branch retinal vein occlusion: the Standard Care vs Cortico-
steroid for Retinal Vein Occlusion (SCORE) study report 6.
1422
Arch Ophthalmol. 2009;127:1115-1128. Erratum in: Arch
Ophthalmol 2009;127:1655.

23. Haller JA, Bandello F, Belfort Jr R, et al, OZURDEX
GENEVA Study Group. Dexamethasone intravitreal implant
in patients with macular edema related to branch or central
retinal vein occlusion twelve-month study results. Ophthal-
mology. 2011;118:2453-2460.

24. Higashiyama T, Sawada O, Kakinoki M, et al. Prospective
comparisons of intravitreal injections of triamcinolone aceto-
nide and bevacizumab for macular oedema due to branch
retinal vein occlusion. Acta Ophthalmol. 2013;91:318-324.

25. Tadayoni R, Waldstein SM, Boscia F, et al. Individualized
stabilization criteria-driven ranibizumab versus laser in branch
retinal vein occlusion: six-month results of BRIGHTER.
Ophthalmology. 2016;123:1332-1344.

26. Donati S, Barosi P, Bianchi M, et al. Combined intravitreal
bevacizumab and grid laser photocoagulation for macular
edema secondary to branch retinal vein occlusion. Eur J
Ophthalmol. 2012;22:607-614.

27. Moradian S, Faghihi H, Sadeghi B, et al. Intravitreal bev-
acizumab vs. sham treatment in acute branch retinal vein oc-
clusion with macular edema: results at 3 months (Report 1).
Graefes Arch Clin Exp Ophthalmol. 2011;249:193-200.

28. Ehlers JP, Decroos FC, Fekrat S. Intravitreal bevacizumab for
macular edema secondary to branch retinal vein occlusion.
Retina. 2011;31:1856-1862.

29. Russo V, Barone A, Conte E, et al. Bevacizumab compared
with macular laser grid photocoagulation for cystoid macu-
lar edema in branch retinal vein occlusion. Retina. 2009;29:
511-515.

30. Parodi MB, Iacono P, Bandello F. Subthreshold grid laser
versus intravitreal bevacizumab as second-line therapy for
macular edema in branch retinal vein occlusion recurring after
conventional grid laser treatment. Graefes Arch Clin Exp
Ophthalmol. 2015;253:1647-1651.

31. Wroblewski JJ, Wells 3rd JA, Gonzales CR. Pegaptanib so-
dium for macular edema secondary to branch retinal vein oc-
clusion. Am J Ophthalmol. 2010;149:147-154.

32. Narayanan R, Panchal B, Das T, et al, MARVEL Study Group.
A randomised, double-masked, controlled study of the efficacy
and safety of intravitreal bevacizumab versus ranibizumab in
the treatment of macular oedema due to branch retinal vein
occlusion: MARVEL Report No. 1. Br J Ophthalmol.
2015;99:954-959.

33. Cekic O, Cakir M, Yazici AT, et al. A comparison of three
different intravitreal treatment modalities of macular edema
due to branch retinal vein occlusion. Curr Eye Res. 2010;35:
925-929.

34. Guignier B, Subilia-Guignier A, Fournier I, et al. Prospective
pilot study: efficacy of intravitreal dexamethasone and bev-
acizumab injections in the treatment of macular oedema
associated with branch retinal vein occlusion. Oph-
thalmologica. 2013;230:43-49.

35. Singer M, Tan CS, Bell D, Sadda SR. Area of peripheral
retinal nonperfusion and treatment response in branch and
central retinal vein occlusion. Retina. 2014;34:1736-1742.

36. Campochiaro PA, Hafiz G, Mir TA, et al. Scatter photocoag-
ulation does not reduce macular edema or treatment burden in
patients with retinal vein occlusion: the RELATE Trial.
Ophthalmology. 2015;122:1426-1437.

37. Chung EJ, Lee H, Koh HJ. Arteriovenous crossing sheathot-
omy versus intravitreal triamcinolone acetonide injection for
treatment of macular edema associated with branch retinal
vein occlusion. Graefes Arch Clin Exp Ophthalmol.
2008;246:967-974.



Ehlers et al � Ophthalmic Technology Assessment
38. Kumagai K, Furukawa M, Ogino N, et al. Long-term out-
comes of vitrectomy with or without arteriovenous shea-
thotomy in branch retinal vein occlusion. Retina. 2007;27:
49-54.

39. Mason 3rd J, Feist R, White Jr M, et al. Sheathotomy to
decompress branch retinal vein occlusion: a matched control
study. Ophthalmology. 2004;111:540-545.

40. Avci R, Inan UU, Kaderli B. Evaluation of arteriovenous
crossing sheathotomy for decompression of branch retinal vein
occlusion. Eye (Lond). 2008;22:120-127.

41. Chen HC, Wiek J, Gupta A, et al. Effect of isovolaemic hae-
modilution on visual outcome in branch retinal vein occlusion.
Br J Ophthalmol. 1998;82:162-167.

42. Fekrat S, Shea AM, Hammill BG, et al. Resource use and costs
of branch and central retinal vein occlusion in the elderly. Curr
Med Res Opin. 2010;26:223-230.
43. Quigley HA, Cassard SD, Gower EW, et al. The cost of
glaucoma care provided to Medicare beneficiaries from 2002
to 2009. Ophthalmology. 2013;120:2249-2257.

44. Martin DF, Maguire MG, Ying GS, et al. Ranibizumab and
bevacizumab for neovascular age-related macular degenera-
tion. N Engl J Med. 2011;364:1897-1908.

45. Smiddy WE. Economic considerations of macular edema
therapies. Ophthalmology. 2011;118:1827-1833.

46. Chang MA, Fine HF, Bass E, et al. Patients’ preferences in
choosing therapy for retinal vein occlusions. Retina. 2007;27:
789-797.

47. Varma R, Bressler NM, Suñer I, et al, BRAVO and CRUISE
Study Groups. Improved vision-related function after ranibi-
zumab for macular edema after retinal vein occlusion: results
from the BRAVO and CRUISE trials. Ophthalmology.
2012;119:2108-2118.
Footnotes and Financial Disclosures
Originally received: March 28, 2017.
Final revision: March 31, 2017.
Accepted: March 31, 2017.
Available online: May 24, 2017. Manuscript no. 2017-726.
1 Cole Eye Institute, Cleveland Clinic, Cleveland, Ohio.
2 Department of Ophthalmology, Vanderbilt University School of Medi-
cine, Nashville, Tennessee.
3 Department of Ophthalmology, Emory University School of Medicine,
Atlanta, Georgia.
4 Division of Ocular Immunology, Department of Ophthalmology, Wilmer
Eye Institute, Johns Hopkins University School of Medicine, Baltimore,
Maryland.
5 Byers Eye Institute, Stanford University, Palo Alto, California.
6 Retina Physicians & Surgeons, Inc., Dayton, Ohio.
7 Department of Ophthalmology, Mayo Clinic, Rochester, Minnesota.

Financial Disclosure(s):
The author(s) have no proprietary or commercial interest in any materials
discussed in this article.

Funded without commercial support by the American Academy of
Ophthalmology.

Prepared by the Ophthalmic Technology Assessment Committee Retina/
Vitreous Panel and approved by the American Academy of Ophthalmol-
ogy’s Board of Trustees February 24, 2017.
Abbreviations and Acronyms:
AV ¼ arteriovenous; BCVA ¼ best-corrected visual acuity;
BRAVO ¼ RanibizumaB for the treatment of macular edema following
bRAnch retinal Vein Occlusion; BRVO ¼ branch retinal vein occlusion;
BVOS ¼ Branch Vein Occlusion Study; CFT ¼ central foveal thickness;
CPT ¼ Current Procedural Terminology; CRVO ¼ central retinal vein
occlusion; CST ¼ central subfield thickness; FDA ¼ Food and Drug
Administration; GENEVA ¼ Global Evaluation of implaNtable dExa-
methasone in retinal Vein occlusion with macular edemA;
HORIZON ¼ Open-Label Extension Trial of Ranibizumab for Choroidal
Neovascularization Secondary to Age-Related Macular Degeneration;
IAI ¼ intravitreal aflibercept; ILM ¼ internal limiting membrane;
IOP ¼ intraocular pressure; IVB ¼ intravitreal bevacizumab;
IVTA ¼ intravitreal triamcinolone; logMAR ¼ logarithm of the minimum
angle of resolution; ME ¼ macular edema; OCT ¼ optical coherence to-
mography; PRN ¼ pro re nata; RBZ ¼ ranibizumab; RVO ¼ retinal vein
occlusion; SCORE ¼ Standard Care vs. Corticosteroid for Retinal Vein
Occlusion; VA ¼ visual acuity; VEGF ¼ vascular endothelial growth
factor.

Correspondence:
Jennifer Harris, MS, American Academy of Ophthalmology, Quality and
Data Science, P.O. Box 7424, San Francisco, CA 94120-7424. E-mail:
jharris@aao.org.
1423


