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DU Angiographie et Pathologies Rétiniennes
Traitement des Occlusions Veineuses Rétiniennes
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2 aspects

Traitement « étiologique »
• Améliorer la circulation veineuse

– Traitement systémique ?
• Hémodilution ?

– Chirurgie ?

Prise en charges des complications
• Ischémie rétinienne

– Rubéose irienne
• GNV

– NV pré-rétiniens

• Œdème maculaire
– Laser ?
– Injections intra-vitréennes ?
– Est-ce une urgence ?
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AMÉLIORER LA CIRCULATION RÉTINIENNE ?
Traitement de l’occlusion
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Traitement en phase aigüe ?

Médical ?
• Antiagrégants plaquettaires
• Correcteurs rhéologiques (troxérutine, 

pentoxifylline)
• Hypotonisant oculaires
• Anticoagulants
• Fibrinolyse

• Hémodilution

Chirurgical et laser ?
• Neurotomie radiaire
• Adventicectomie
• Fibrinolyse in-situ

• (Anastomoses rétino-choroïdiennes laser)
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Augmentation des hémorragies
Aucun intérêt… sauf indication systémique !
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Hémodilution vs anti-VEGF

• Fév 2010 – juin 2013
– multicentrique, prospective, 

randomisée

• 44 patients (18 -75 a)
– OVCR < 1mois
– AV < 20/40
– Hématocrite ≥ 38%
– Non diabétique
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Approches chirurgicales…

Two-Year Efficacy of Ranibizumab Plus Laser-Induced
Chorioretinal Anastomosis vs Ranibizumab Monotherapy
for Central Retinal Vein Occlusion
A Randomized Clinical Trial
Ian L. McAllister, MBBS, DM; Lynne A. Smithies, PhD; Fred K. Chen, MBBS, PhD; David A. Mackey, MBBS, MD; Paul G. Sanfilippo, PhD

IMPORTANCE Adding a laser-induced chorioretinal anastomosis (L-CRA) to current
treatments for central retinal vein occlusion (CRVO) may improve outcomes and lessen
therapy burdens.

OBJECTIVE To determine the 2-year efficacy of intravitreal ranibizumab with an L-CRA vs
ranibizumab alone for patients with macular edema caused by CRVO.

DESIGN, SETTING, AND PARTICIPANTS In this randomized clinical trial conducted at a single
university clinic from March 2012 to June 2015, 58 participants with macular edema caused
by CRVO were randomized 1:1 to either an L-CRA or sham procedure at baseline. All
participants received monthly intravitreal injections of ranibizumab, 0.5 mg. Data were
analyzed from April 2017 to September 2017.

INTERVENTIONS Random assignment to L-CRA plus monthly injections of intravitreal
ranibizumab, 0.5 mg, (combination group; n = 29) or to a sham L-CRA procedure plus
monthly injections of intravitreal ranibizumab, 0.5 mg, (ranibizumab alone group; n = 29) for
6 months. From month 7 to month 24, participants were evaluated monthly and received an
injection of ranibizumab if a loss of 5 or more letters of best-corrected visual acuity (BCVA) on
ETDRS chart from previous highest score occurred or if there was evidence of residual
macular edema on optical coherence tomography.

MAIN OUTCOMES AND MEASURES Mean number of injections from month 7 to month 24,
change in BCVA, and change in central subfield thickness (CST).

RESULTS Of the 58 included participants, 38 (66%) were men, and the mean (SD) age was
68.6 (11.8) years; participants had a mean (SD) BCVA of 57.09 (11.87) ETDRS letters (Snellen
equivalent, 20/73) and a mean (SD) CST of 738.36 (175.54) μm. A successful L-CRA was
created in 24 of 29 participants (83%) in the combination group. The mean number of
injections from month 7 to month 24 was 3.2 (95% CI, 2.5-3.8) in the combination group and
7.1 (95% CI, 6.0-8.0) in the ranibizumab alone group. The ratio of the number of injections in
the combination group compared with the ranibizumab alone group was 0.46 (95% CI,
0.36-0.61; P < .001). Mixed-effects regression modeling showed a difference in mean BCVA
at 2 years between the combination and ranibizumab alone groups (combination, 70.3 letters
[Snellen equivalent, 20/40]; ranibizumab alone, 61.6 letters [Snellen equivalent, 20/60];
difference, 8.8 letters; 95% CI, 0.2-17.3; P = .05). There was also a difference in CST at 2 years
between the combination and ranibizumab alone groups (mean CST: combination, 303.6 μm;
ranibizumab alone, 394.5 μm; difference, 90.9 μm; 95% CI, 24.3-157.5; P = .01). Four
participants (14%) in the combination group required a vitrectomy for early macular traction
or vitreous hemorrhage.

CONCLUSIONS AND RELEVANCE For macular edema caused by CRVO, an L-CRA significantly
reduced the number of ranibizumab injections required.

TRIAL REGISTRATION anzctr.org.au Identifier: ACTRN12612000004864

JAMA Ophthalmol. doi:10.1001/jamaophthalmol.2018.4973
Published online October 18, 2018.
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final mandatory intravitreal injection of ranibizumab at
month 7, 10 participants (34%) in the combination group (all
with functioning L-CRAs) compared with 1 participant (3%)
in the ranibizumab alone group did not require any further
injections (difference of proportions, 0.31; 95% CI, 0.09-
0.53; P = .007).

Best-Corrected Visual Acuity
Between month 0 (L-CRA or sham procedure) and month 1
(commencement of monthly intravitreal injections of
ranibizumab, 0.5 mg, from month 1 to month 7), there was a
mean loss in BCVA of 5.2 ETDRS letters in the combination
group and of 9.4 ETDRS letters in the ranibizumab alone
group (eFigure 1 in Supplement 2). The results from the
mixed-effects regression model examining the effect of
L-CRA plus ranibizumab vs ranibizumab alone on BCVA
are shown in Table 3. A global test of the treatment
group × time interaction term was found to be nonsig-
nificant by a linear contrast. Therefore, the interaction
term was dropped from the final model, and the treatment
effect difference between therapies was deemed invariant
with time.

At month 13, the mean change in BCVA from month 1 for
both groups was an increase of 16.4 ETDRS letters (95% CI,
12.6-20.1; P < .001). At month 24, the mean change from
month 1 for both groups was an increase of 16.0 ETDRS let-
ters (95% CI, 12.2-19.7; P < .001). The mean difference in
BCVA at both month 13 and month 24 between treatment
groups was 8.8 ETDRS letters (95% CI, 0.2-17.3; P = .05)
(Table 3) (eFigure 1 in Supplement 2).

Central Subfield Thickness
Over 24 months, the mean difference in CST between the 2
groups was 90.9 μm (95% CI, −157.5 to −24.3; P = .01), in fa-
vor of the combination group (eTable and eFigure 2 in
Supplement 2). A global test of the treatment group × time in-
teraction term was not statistically significant.

Safety
In the 29 participants in the combination group, there were
a potential 58 sites attempted for the L-CRA (2 per partici-
pant). Neovascularization (less than 1 disc area) was seen at
10 sites (17%), of which 5 regressed spontaneously, and the
remaining 5 were treated with sectorial laser. Four partici-
pants (14%) required a vitrectomy, of which 3 were to relieve
minor traction on the macula from avascular fibrous tissue
emanating from the L-CRA site and 1 for a vitreous hemor-
rhage. All participants recovered without sequelae. None of
these events occurred in the ranibizumab alone group. One
participant in the combination group died at month 6 from
a myocardial infarction 1 month after the last ranibizumab
injection.

Discussion
This study demonstrated that in participants with a CRVO,
creating an anastomotic connection between a retinal vein
and a choroidal vein as a means of bypassing the obstruction
to venous outflow significantly reduced the requirement for
intravitreal ranibizumab injections over 2 years. There was

Figure 2. Combination Group Participant Before and After Treatment

Central retinal vein occlusionA Laser-induced chorioretinal anastomosisB

A, Example of central retinal vein
occlusion that has been present for 6
weeks. The participant had a visual
acuity of 20/100 OS prior to
enrollment. B, Example of
laser-induced chorioretinal
anastomosis at month 12. There has
been closure of the distal segment of
the vein, and the area drained by this
segment has been treated with laser
prophylactically. The inferior
anastomosis did not develop
(arrowheads). Visual acuity improved
to 20/25 OS.

Table 2. Treatment Exposurea

Phase

No. of Injections, Mean (95% CI)
Count Ratio
(95% CI) P Value

Combination Group
(n = 29)

Ranibizumab Alone
Group (n = 29)

Loading phase (month 1 to month 6) 5.5 (4.7-6.5) 5.7 (4.9-6.7) 0.96 (0.77-1.20) .74

Total maintenance phase (month 7 to
month 24)

3.2 (2.5-3.8) 7.1 (6.0-8.0) 0.46 (0.36-0.61) <.001

Early maintenance phase (month 7 to
month 13)

1.5 (1.1-2.0) 2.4 (1.9-3.1) 0.60 (0.41-0.88) .01

Late maintenance phase (month 13 to
month 24)

1.7 (1.3-2.2) 4.6 (3.8-5.5) 0.37 (0.26-0.51) <.001
a Based on regression analysis.
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Imagerie à haute résolution (OA)

• Déformation de la veine sans contact des parois artérielle et 
veineuse
– engainement fibreux au sein de l’adventice commune aux deux 

vaisseaux ?

• OVCR : localisation précise et nature de l’obstacle (NO) ?
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Au total : pas de recommandation avec haut niveau 
de preuve
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Abstract
The high prevalence of cardiovascular disease particularly in 
the elderly population is associated with retinal vascular dis-
ease. Retinal vein occlusions represent severe disturbances 
of the hypoxia-sensitive neurosensory retina. Acute and ex-
cessive leakage leads to the diagnostic hallmarks of retinal 
hemorrhage and edema with substantial retinal thickening. 
Advanced diagnostic tools such as OCT angiography allow 
to evaluate retinal ischemia and identify the risk for late com-
plications and will soon reach clinical routine besides fluo-
rescein angiography. Accordingly, the duration of non-per-
fusion is a crucial prognostic factor requiring timely thera-
peutic intervention. With immediate inhibition of vascular 
leakage, anti-VEGF substances excel as treatment of choice. 
Multiple clinical trials with optimal potential for functional 
benefit or a lesser regenerative spectrum have evaluated 

aflibercept, ranibizumab, and bevacizumab. As retinal vein 
occlusion is a chronic disease, long-term monitoring should 
be individualized to combine maintenance with practicabil-
ity. While steroids may be considered in patients with sys-
temic cardiovascular risk, surgery remains advisable only for 
very few patients. Destructive laser treatment is an option if 
reliable monitoring is not feasible. Ophthalmologists are 
also advised to perform a basic systemic workup to recog-
nize systemic concomitants. The current edition of the 
EURETINA guidelines highlights the state-of-the-art recom-
mendations based on the literature and expert opinions in 
retinal vein occlusion. © 2019 S. Karger AG, Basel

Introduction

Retinal vein occlusion (RVO) is among the leading 
causes of visual impairment and is often due to an under-
lying systemic disease. Advances in imaging and thera-
peutic possibilities with anti-vascular endothelial growth 

Ophthalmic Technology Assessment

Therapies for Macular Edema Associated with
Branch Retinal Vein Occlusion

A Report by the American Academy of Ophthalmology

Justis P. Ehlers, MD,1 Stephen J. Kim, MD,2 Steven Yeh, MD,3 Jennifer E. Thorne, MD, PhD,4

Prithvi Mruthyunjaya, MD, MHS,5 Scott D. Schoenberger, MD,6 Sophie J. Bakri, MD7

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;-
:1e12 ª 2017 by the American Academy of Ophthalmology

The American Academy of Ophthalmology prepares
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

featuresmay include sectoral retinal hemorrhages, dilated and
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.

1ª 2017 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.ophtha.2017.03.060
ISSN 0161-6420/17

Ophthalmic Technology Assessment

Therapies for Macular Edema Associated
with Central Retinal Vein Occlusion
A Report by the American Academy of Ophthalmology

Steven Yeh, MD,1 Stephen J. Kim, MD,2 Allen C. Ho, MD,3 Scott D. Schoenberger, MD,4 Sophie J. Bakri, MD,5

Justis P. Ehlers, MD,6 Jennifer E. Thorne, MD, PhD7

Purpose: To review the available evidence regarding the safety and efficacy of therapies for the treatment of
macular edema (ME) associated with central retinal vein occlusion (CRVO).

Methods: A literature search of the PubMed database was last conducted in March 2014 with no date re-
strictions but limited to articles published in English. A literature search of theCochraneLibrarywas also conducted in
March 2014with nodate restrictions andwithout a language limitation. The combined searches yielded 108 citations,
of which 20 were deemed clinically relevant for the Ophthalmic Technology Assessment Committee Retina/Vitreous
panel to review in full text. Three additional studieswere also identified for panel review. The level of evidence of these
selected studies was reviewed by the panel methodologist.

Results: There were 7 citations representing 4 clinical trials that provided level I evidence supporting the use
of anti-vascular endothelial growth factor (VEGF) pharmacotherapies for ME associated with CRVO, including
intravitreal ranibizumab (2), aflibercept (3), and bevacizumab (2). There were 3 citations representing 2 studies with
level I evidence for intravitreal corticosteroid injection with dexamethasone intravitreal implant (2 citations) or
triamcinolone (1 citation), although cataract and glaucoma were observed in these studies. Level I evidence is
available on the limited benefit of macular grid-pattern laser photocoagulation (1 citation). Eight other citations
reviewed were rated as level II, and 4 citations were rated as level III. Long-term efficacy results (!2 years of
follow-up) are limited to intravitreal ranibizumab at this time, and few studies have evaluated combination therapy
with anti-VEGF and corticosteroid versus monotherapy of either class of drug.

Conclusions: Level I evidence indicates that intravitreal anti-VEGF pharmacotherapy is safe and effective over 2
years for ME associatedwith CRVO and that delay in treatment is associatedwithworse visual outcomes. In addition,
level I evidence demonstrates short-term efficacy of intravitreal corticosteroid but also an association with a higher
frequency of adverse events. Ophthalmology 2015;-:1e10 ª 2015 by the American Academy of Ophthalmology.

The American Academy of Ophthalmology prepares
Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening
tests. The goal of an Ophthalmic Technology Assessment is
to review systematically the available research for clinical
efficacy 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 consid-
eration as official Academy statements. The purpose of this
assessment is to review the evidence regarding the safety
and efficacy of therapies for macular edema (ME) associated
with central retinal vein occlusion (CRVO).

Background

Central retinal vein occlusion is a retinal vascular condition that
may cause significant ocularmorbidity and vision loss. Clinical

features include diffuse retinal hemorrhages, dilated and
tortuous retinal vessels, cotton-wool spots, optic disc edema
with splinter hemorrhages, andME, which is the leading cause
of decreased central visual acuity (VA) in CRVO.

The prevalence of CRVO increases with age. A pooled
analysis of 15 major population-based studies estimated a
worldwide prevalence of 0.8 per 1000 individuals, or
approximately 2.5 million total persons affected by CRVO
worldwide.1

Histopathologic findings have suggested that thrombosis
of the central retinal vein at the level of the lamina cribrosa
resulting from local structural factors (e.g., atherosclerosis
of the central retinal artery) or occlusion from intraocular
inflammation (e.g., vasculitis-associated CRVO) plays a role
in the pathogenesis of CRVO.2 Occlusion of the central
retinal vein then leads to increased intraluminal venous
pressure, subsequent retinal hemorrhage and edema, and
capillary dropout with resultant hypoxia and upregulation of

1! 2015 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.ophtha.2014.10.013
ISSN 0161-6420/14
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Nouvelles pistes ?

• Atteinte de la paroi vasculaire ?

• Voie MEK ?

• Augmentation de l’adhérence des globules rouges à 
l’endothélium vasculaire
– surexpression membranaire de phosphatidylsérine

– Essai ouvert de phase 2 : hydroxycarbamide PO

10
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Intérêt d’une nouvelle classification des OVR

Type A
• Bas débit aigu

– +/- œdème papillaire

Type B
– Début insidieux

• œdème maculaire

12
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Intérêt d’identifier les types « A »

• Contre-indication aux injections ?

• Tenter d’augmenter la pression de perfusion oculaire ?
– traitement hypotonisant local

• même en l’absence d’HTO

– si TAs <120 mmHg, augmentation temporaire ?
• interruption d’un traitement anti-hypertenseur
• sel ?
• Activité physique

• Prise en charge d’une éventuelle anémie

risque d’aggravation de la 
situation hémodynamique

13

OVR

IschémieŒdème 
maculaire

14

GLAUCOME NÉO-VASCULAIRE : COMPLICATION 
REDOUTÉE DES OVCR ISCHÉMIQUES

15

Risque d’ischémie

30 à 50% des formes initialement bien perfusées vont évoluer vers 
une forme ischémique

dont 18% évolueront vers la rubéose irienne
voire le glaucome néovasculaire

16
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Limites de la classification angiographique

• Perfusion ≠ Ischémie

– Ischémie = souffrance cellulaire

– Perfusion = vascularisation capillaire

• Parfois difficile initialement
– Masquage /hémorragies

• Peu de valeur pronostique

• Définition variable de 
« l’ischémie »
– 10DP ? 30 DP?
– Champs étudiés (7/9 champs 

? « Wide-field » ?)
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Major review

Ischemic retinal vein occlusion: characterizing the
more severe spectrum of retinal vein occlusion

Meiaad Khayat, MBBS, MSca,b,
Michael Williams, BMedSci, MD, MRCOphth, MMedEdc,
Noemi Lois, MD, PhD, FRCS(Ed), FRCOphtha,*
aWellcome-Wolfson Institute for Experimental Medicine, School of Medicine, Dentistry & Biomedical Sciences,
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a b s t r a c t

Retinal vein occlusion (RVO)-including central RVO, branch RVO, and hemicentral and

hemispheric RVOdis the second most common vascular cause of visual loss, surpassed

only by diabetic retinopathy. The presence and extent of retinal ischemia in RVO is asso-

ciated with a worse prognosis. On this basis, most previously conducted studies considered

ischemic retinal vein occlusion (iRVO) and non-iRVO as separate entities based on set

thresholds of existing retinal ischemia as determined by fundus fluorescein angiography.

Other diagnostic technologies have been used specifically in the differentiation of ischemic

central retinal vein occlusion and nonischemic central retinal vein occlusion. To date,

there is no fully accepted definition for iRVO. Some clinicians and researchers may favor

establishing a clear differentiation between these forms of RVO; others may prefer not to

consider iRVO as a separate entity. Whatever the case, retinal ischemia in RVO confers a

higher risk of visual loss and neovascular complications; thus, it should be determined as

accurately as possible in patients with this disease and be considered in clinical and

experimental studies. Most recently conducted clinical trials evaluating new treatments for

macular edema secondary to RVO included none or only few patients with iRVO based on

previous definitions (i.e., few patients with sizeable areas of retinal ischemia were

recruited in these trials), and thus it is unclear whether the results observed in recruited

patients could be extrapolated to those with retinal ischemia. There has been scant

research aiming at developing and/or testing treatments for retinal ischemia, as well as to

prevent new vessel formation as a result of RVO. We provide a detailed review of the

knowledge gathered over the years on iRVO, from controversies on its definition and

diagnosis to the understanding of its epidemiology, risk factors and pathogenesis, the

structural and functional effects of this disease in the eye and its complications, natural

history, and outcomes after treatment. In each section, the definition of iRVO used is given

so, independently of whether iRVO is considered a separate clinical entity or a more severe

* Corresponding author: Noemi Lois, MD, PhD, FRCS(Ed), FRCOphth, Wellcome-Wolfson Institute for Experimental Medicine, School of
Medicine, Dentistry and Biomedical Sciences, Queen’s University Belfast, 97 Lisburn Road, BT9 5BW, Belfast, United Kingdom.

E-mail address: n.lois@qub.ac.uk (N. Lois).
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Intérêt des signes fonctionnels…

Survey of Ophthalmology 2018;63:816–50
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… et de l’examen de l’iris +++

• Avant le stade de rubéose irienne…

19

Avant le stade de rubéose irienne…
• Diminution du Réflexe Pupillaire Afférent

and is positive throughout the course of the disease.110,196 The
test requires a normal optic nerve and pupil in the fellow eye,
and in the presence of a large central scotoma, a RAPDmay be
present even in the absence of iCRVO.110 Despite the advan-
tages mentioned previously, testing for RAPD does not seem
to be routinely used in the evaluation of patients with CRVO. It
would seem important to introduce this test to clinical prac-
tice as it would contribute toward the identification of patients
with the ischemic form of the disease who are clearly at
higher risk of visual loss as well as development of severe
complications.

6.3.1.2. Visual fields. Assessment of VFs for peripheral retinal
function using perimetry has been suggested to be a helpful
tool in differentiating between iCRVO and non-iCRVO.110 With

the Goldmann perimeter and I2e, I4e, and V4e stimuli, VF
defectswere described in themajority of iCRVOpatients.110 VF
defects were detected with the I2e stimulus in 100% of pa-
tients with iCRVO, with the I4e in 96%e100%, andwith the V4e
in 71%e82% during the first year of the disease. In contrast,
using I2e, I4e, and V4e stimuli, VF defects were present in
54%e78%, 38%e48%, and 12%e17% of eyes with non-iCRVO,
respectively.110 The sensitivity and specificity of identifying
iCRVO with the I2e stimulus was 92% and 72%, respectively.
The sensitivity and specificity of detecting iCRVOwith the I-4e
stimulus was 95% and 84%, respectively, and 81% and 79%,

respectively, with the V-4e.110 Significant differences between
iCRVO and non-iCRVO were observed throughout the whole
first year after diagnosis.110 Automated perimetry, which is
the standard test used currently in clinical practice (the use of

Table 2 e Suggested parameters on functional diagnostic modalities to differentiate between iCRVO and non-iCRVO

Diagnostic modality Parameter Findings Study

Visual acuity (VA) !6/120 Sensitivity 91%e100%; Specificity
78%e88%

Hayreh et al., 1990110

!6/60 85% of patients with iCRVO have
VA !6/60

Hayreh et al., 2011113

Pupillary examination RAPD " 0.6 log unit Sensitivity 83%; Specificity 70% Bloom et al., 199331

RAPD " 0.7 log unit Sensitivity 88%; Specificity 90% Hayreh et al., 1990110

PAPD " 0.9 log unit Sensitivity 80%; Specificity 97% Hayreh et al., 1990110

RAPD " 1.2 log unit All eyes with ocular NV and/or
extensive retinal CNP had RAPD of
"1.2 log units ND

Servias et al., 1986266

Visual field (VF) Goldmann
perimetry

I-2e defect Sensitivity 94%e100%; Specificity
67%e78%

Hayreh et al., 1990110

I-4-e defect Sensitivity 92%; Specificity 87%
V-4e defect Sensitivity 71%e82%; Specificity

83%e88%
ERG Reduction of b-wave amplitude by

>60% of normal fellow eye (in
photopic and scotopic ERG)

Sensitivity 80%e90%; Specificity
71%e80%

Hayreh et al., 1990110

Reduction of b/a ratio by >60% of
normal fellow eye (in photopic and
scotopic ERG)

Sensitivity 60%e70%; Specificity
70%

b/a ratio ¼ 0.88 in photopic ERG Sensitivity 87.5%; Specificity 78% Williamson et al., 1997311

b-wave amplitude ¼ 56 mV in
photopic ERG

Sensitivity 87.5%; Specificity 86%

b-wave amplitude ¼ 76 mV in
photopic ERG

Sensitivity 100%; Specificity 66%

Implicit time of >35 ms in 30-Hz
flicker

All patients with iCRVO had
implicit time "35.0 ms

Kjeka et al., 2013154

Implicit time of "37 ms in 30-Hz
flicker

75% of patients with an implicit
time of >37 ms developed ocular
NV during the follow-up period of
one year compared with 7% of
CRVO patients with an implicit
time of !37 ms

Hvarfner et al., 2003129

Interocular amplitude difference ¼
23 mV in 30-Hz flicker

Sensitivity 100%; Specificity 100% Kuo et al., 2010161

Interocular amplitude ratio of 60%
in 30-Hz flicker

Sensitivity 100%; Specificity 100%

RAPD and ERG combined "0.7 log unit RAPD and !60%
b-wave amplitude

Sensitivity 97%e100%; Specificity
71%

Hayreh et al., 1990110

Ophthalmodynamometry Central retinal venous pressure
> diastolic central retinal arterial
pressure

All patients with iCRVO had central
retinal venous pressure > diastolic
central retinal arterial pressure

McAllister et al., 2014;
Jonas and Harder, 2007;
Do et al., 200868,140,194

iCRVO, ischemic central retinal vein occlusion; DA, disc area; RAPD, relative afferent pupillary defect; NV, neovascularization; CNP, capillary
nonperfusion; ND, natural density; ERG, electroretinography; mV, microvolt; ms, millisecond; Hz, Hertz unit.
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Avant le stade de rubéose irienne…
• DPAR
• Signes précurseurs/précoces de rubéose
– Avant dilatation +++

• Reconvoquer le patient si nécessaire

– Fort grossissement
• Dilatation des vaisseaux radiaires
• Reperfusion de la collerette
• Dilatations microanévrysmales

21

à Gonioscopie « facile » !
22

Pour toute OVCR récente (< 6 mois)…

• Surveillance tous les mois (si Ø an2-VEGF)
• au moins pendant les 3-4 premiers mois d’évolu\on
• et/ou jusqu’à stabilisa\on

–⚠ Risque +++ ⚠ :
• Arrêt des anB-VEGF et sous cor\coïdes
• Diabète, âge
• AV<1/10
• Nodules cotonneux inter-papillo-maculaires
• OMC majeur
• non-perfusion (Index ischémique ?), PPR incomplète

23

TRAITEMENT DES FORMES ISCHÉMIQUES = PPR

24
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La PPR est efficace :

• En présence de néovascularisation débutante
– Pour éviter le GNV

• En cas d’apparition de NV pré-rétiniens (OBVR)

• En prévention de la néovascularisation si ischémie étendue
• AV < 1/10
• Abolition du reflexe pupillaire afférent
• Scotome central absolu
• Territoires étendus de non-perfusion

Hayreh SS, et al. Argon laser panreKnal photocoagulaKon in ischemic central reKnal vein occlusion.
A 10-year prospecKve study. Graefes Arch Clin Exp Ophthalmol. 1990;228(4):281-96.

25

… ± anti-VEGF

• Amélioration rapide de la 
rubéose

• Diminution rapide de la PIO 
(GNV)

Graefes Arch Clin Exp Ophthalmol. 2013;251:2403-13
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exclusion of the 2 patients who completed ,1 month of
the trial, this represents 50% (9/18) of enrolled eyes;
of these, 6 (33%) developed posterior segment neo-
vascularization, 5 (28%) developed anterior segment
neovascularization. Two eyes (11%) developed both
posterior and anterior segment neovascularization.
These were first diagnosed after a mean of 24 months
follow-up (range, 3–44 months), with 2 patients
developing neovascularization after completion of the
36-month trial endpoint (at Months 42 and 44 after
study enrollment) (Figure 5). Patients who developed
neovascularization subsequently underwent panretinal
photocoagulation.

Adverse Events

Ocular and systemic adverse events are reported in
Table 2. There were no cases of endophthalmitis, trau-
matic cataract, or intraocular inflammation. Two
deaths during the trial were related to a myocardial
infarction at Week 1 and a cerebral hemorrhage after
a fall at Month 11. Medical reasons for study with-

drawal included antiphospholipid antibody syndrome,
end stage renal disease, pneumonia with congestive
heart failure, and congestive heart failure.

Discussion

The RAVE trial was designed based on the natural
history studies of Hayreh. The initial goals were to
determine whether nine continuous injections of
a potent anti-VEGF agent would eliminate retinal
edema and protect the photoreceptors while allowing
the clot in the central retinal vein to canalize and/or
venous collaterals to form. It was not expected that
significant visual acuity gains would occur because
of concomitant retinal vasculature compromise. The
visual acuity gains in the RAVE trial were consistent
and directly correlated to the ability of ranibizumab
to deturgesce the retina. When ranibizumab injec-
tions were withheld (Months 9–11), approximately
half of patients had recurrent edema with subsequent
loss of the initial visual acuity gains. Once

Fig. 4. Illustrative clinical
case: 49-year-old man with
severe CRVO in his right eye.
After 9 monthly intravitreal
ranibizumab injections, 3
months of observation, and 1
pro re nata retreatment for
recurrent cystoid macular
edema, clinical examination
and fluorescein angiography at
Month 13 (A) demonstrates
development of posterior seg-
ment neovascularization with
neovascularization of the optic
nerve head and the retinal
periphery. After application of
pan-retinal photocoagulation, ne-
ovascularization has resolved (B).

Fig. 5. Cumulative develop-
ment of ocular neo-
vascularization during
clinical follow-up. A. Devel-
opment of any anterior or
posterior segment neo-
vascularization in the RAVE
trial. B. Reported natural his-
tory of the development of
neovascularization after the
onset of ischemic CRVO.
Reproduced from Hayreh SS
and Zimmerman BM. Ocular
neovascularization associated
with central and hemi-CRVO.
Retina 2012;32:1553–1565.

6 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ! 2014 ! VOLUME 0 ! NUMBER 0

Copyrightª by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.

« […] le risque de complication néovasculaire
n’est pas diminué par les anti-VEGF seuls,

mais seulement retardé […] »
Retina. 2014 Sep;34(9):1728-35. doi: 10.1097/IAE.0000000000000191
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cyclodestructive procedures. These modalities have
variable success rates depending on the intensity of IOP
elevation, degree of ischemia-induced neovascularization,
status of the angle and extent of glaucomatous damage
incurred.5

The role of antiangiogenic factors such as bevacizumab
in the management of NVG is becoming increasingly
popular and better established. We present here a case
comparison study to examine the efficacy of intravitreal
bevacizumab in eyes with NVG relative to eyes treated
under similar circumstances but did not receive

intravitreal bevacizumab. The administration of
bevacizumab has been shown to induce rapid regression
of NVI.23 We have observed by slit lamp examination and
by iris angiography that iris neovascularization is
completely regressed within 3 days of intravitreal
bevacizumab injection. However, bevacizumab, although
rapidly-acting, induces temporary antiangiogenic effects
with recurrence of neovascularization,28,33 due to its short
duration of action.34,35 On the other hand, the effects of
PRP appear to be more long lasting, suggesting that eyes
with NVG can benefit from both the early-onset

Figure 1 (a) Kaplan–Meier Survival Analysis of NVG Eyes Receiving GDIs. The figure shows that cumulative proportion of eyes
receiving a GDI over time from NVG diagnosis in the bevacizumab group was lower compared with the non-bevacizumab group
within the first 6 months. This difference was not statistically significant after 2 years of follow-up (P= 0.38). (b) Kaplan–Meier survival
analysis of patients receiving bevacizumab. The figure shows the cumulative proportion of eyes receiving bevacizumab with and
without PRP that required GDI surgery and the time to glaucoma surgery. PRP substantially reduced the rates of glaucoma surgery
(Po0.001). (c) Kaplan–Meier survival analysis of patients receiving PRP. The figure compares time to glaucoma surgery between cases
with and without bevacizumab. The reduction in incidence of glaucoma surgery in the bevacizumab group did not achieve statistical
significance (P= 0.10).

NVG outcomes
LC Olmos et al

6

Eye

« La PPR  est le seul traitement qui 
diminue la nécessité de traitement 
chirurgical d’un GNV,
tandis que les anti-VEGF ne font que le 
retarder »

28
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En pratique : traitement combiné, en urgence
• Injection intra-vitréenne d’anti-

VEGF
• PPR en une seule séance si 

possible
• immédiatement avant
• ou quelques jours après l’injection

– dense, jusqu’à l’ora
• 5 000 à 15 000 impacts

Mesures associées (si GNV) :
– Traitement hypotonisant
– Antalgique

– Anti-inflammatoire
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En pratique : traitement combiné, en urgence
• Injec`on intra-vitréenne d’an`-

VEGF
• PPR en une seule séance si 

possible
• immédiatement avant
• ou quelques jours après l’injec[on

– dense, jusqu’à l’ora
• 5 000 à 15 000 impacts

• Si PPR impossible / difficile
– V3V – endolaser
– Cryo-application trans-sclérale

Mesures associées (si GNV) :
– Traitement hypotonisant
– Antalgique

– Anti-inflammatoire

30

TRAITEMENT DE L’ŒDÈME MACULAIRE
Traitement des complications

31

Alternatives thérapeutiques

• Laser
– traitement historique (grille maculaire)
– nouvelles modalités ?

• infraliminaire ? ciblé ?

• Injections intra-vitréennes
– essor relativement récent (AMM)
– Anti-VEGF vs. corticoïdes

• ranibizumab vs. aflibercept

• Vitrectomie
• Abstention ?
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Avastin®

Ozurdex® (AMM  Eu)
2011 Lucen>s (AMM EU)

Eylea (AMM EU)2013

0

5

10

15

20

25

30

0

50

100

150

200

250

300

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

triamcinolone dexamethasone bevacizumab

ranibizumab aflibercept "Laser Therapy" [MESH]

32



07/12/2022

… et toujours des questions !

• Faut-il traiter tous les oedèmes maculaires ?
– On traite une BAV due à un OM
– Tous les OM ne sont pas identiques

• Le traitement est-il urgent ?
– Reste-t-il utile tardivement ?

• Quel traitement choisir ?
–Modalités ?

33

1ère intention = injection(s)…

Ophthalmology 2015;122:769–78. doi:10.1016/j.ophtha.2014.10.013                       J Fr Ophtalmol 2015;38:253–63. doi:10.1016/j.jfo.2014.10.003

Ophthalmic Technology Assessment

Therapies for Macular Edema Associated
with Central Retinal Vein Occlusion
A Report by the American Academy of Ophthalmology

Steven Yeh, MD,1 Stephen J. Kim, MD,2 Allen C. Ho, MD,3 Scott D. Schoenberger, MD,4 Sophie J. Bakri, MD,5

Justis P. Ehlers, MD,6 Jennifer E. Thorne, MD, PhD7

Purpose: To review the available evidence regarding the safety and efficacy of therapies for the treatment of
macular edema (ME) associated with central retinal vein occlusion (CRVO).

Methods: A literature search of the PubMed database was last conducted in March 2014 with no date re-
strictions but limited to articles published in English. A literature search of theCochraneLibrarywas also conducted in
March 2014with nodate restrictions andwithout a language limitation. The combined searches yielded 108 citations,
of which 20 were deemed clinically relevant for the Ophthalmic Technology Assessment Committee Retina/Vitreous
panel to review in full text. Three additional studieswere also identified for panel review. The level of evidence of these
selected studies was reviewed by the panel methodologist.

Results: There were 7 citations representing 4 clinical trials that provided level I evidence supporting the use
of anti-vascular endothelial growth factor (VEGF) pharmacotherapies for ME associated with CRVO, including
intravitreal ranibizumab (2), aflibercept (3), and bevacizumab (2). There were 3 citations representing 2 studies with
level I evidence for intravitreal corticosteroid injection with dexamethasone intravitreal implant (2 citations) or
triamcinolone (1 citation), although cataract and glaucoma were observed in these studies. Level I evidence is
available on the limited benefit of macular grid-pattern laser photocoagulation (1 citation). Eight other citations
reviewed were rated as level II, and 4 citations were rated as level III. Long-term efficacy results (!2 years of
follow-up) are limited to intravitreal ranibizumab at this time, and few studies have evaluated combination therapy
with anti-VEGF and corticosteroid versus monotherapy of either class of drug.

Conclusions: Level I evidence indicates that intravitreal anti-VEGF pharmacotherapy is safe and effective over 2
years for ME associatedwith CRVO and that delay in treatment is associatedwithworse visual outcomes. In addition,
level I evidence demonstrates short-term efficacy of intravitreal corticosteroid but also an association with a higher
frequency of adverse events. Ophthalmology 2015;-:1e10 ª 2015 by the American Academy of Ophthalmology.

The American Academy of Ophthalmology prepares
Ophthalmic Technology Assessments to evaluate new and
existing procedures, drugs, and diagnostic and screening
tests. The goal of an Ophthalmic Technology Assessment is
to review systematically the available research for clinical
efficacy 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 consid-
eration as official Academy statements. The purpose of this
assessment is to review the evidence regarding the safety
and efficacy of therapies for macular edema (ME) associated
with central retinal vein occlusion (CRVO).

Background

Central retinal vein occlusion is a retinal vascular condition that
may cause significant ocularmorbidity and vision loss. Clinical

features include diffuse retinal hemorrhages, dilated and
tortuous retinal vessels, cotton-wool spots, optic disc edema
with splinter hemorrhages, andME, which is the leading cause
of decreased central visual acuity (VA) in CRVO.

The prevalence of CRVO increases with age. A pooled
analysis of 15 major population-based studies estimated a
worldwide prevalence of 0.8 per 1000 individuals, or
approximately 2.5 million total persons affected by CRVO
worldwide.1

Histopathologic findings have suggested that thrombosis
of the central retinal vein at the level of the lamina cribrosa
resulting from local structural factors (e.g., atherosclerosis
of the central retinal artery) or occlusion from intraocular
inflammation (e.g., vasculitis-associated CRVO) plays a role
in the pathogenesis of CRVO.2 Occlusion of the central
retinal vein then leads to increased intraluminal venous
pressure, subsequent retinal hemorrhage and edema, and
capillary dropout with resultant hypoxia and upregulation of

1! 2015 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.ophtha.2014.10.013
ISSN 0161-6420/14

In GALILEO, IOP elevation was observed in slightly greater
percentages in the VTE group (10%) versus sham (4%), and no
incident cases of endophthalmitis or retinal detachment were
seen.29 The 12-month results of COPERNICUS reported no
significant differences in treatment-related ocular adverse events
between the VTE/VTE and sham/VTE groups. Nonocular serious
adverse events were rare overall but similar between VTE/VTE and
sham/VTE groups (6% vs. 8%) at 12 months.28

Prospective sham-controlled trials for bevacizumab for ME
associated with CRVO in addition to large randomized trials for
age-related macular degeneration using bevacizumab have
demonstrated similar low rates of ocular adverse events and non-
ocular serious adverse events.41,42

Economic and Quality of Life Considerations

The economic burden of CRVO has been incompletely
studied. There is only 1 U.S. study available estimating the
1- and 3-year costs for patients with CRVO and BRVO in
comparison with patients with systemic hypertension or
glaucoma. Fekrat et al43 evaluated resource use (fluorescein
angiography, OCT, intravitreal injection, laser photocoagu-
lation, and vitrectomy) and direct medical costs by total
Medicare reimbursement amounts to evaluate the costs
associated with CRVO, which were $11 587 and $31 585 at
1 and 3 years, respectively. These costs exceeded the 1- and
3-year costs of systemic hypertension and glaucoma per
affected patient. On the basis of these data and prevalence
data from the Beaver Dam Eye Study, the estimated annual
direct costs to the U.S. Medicare population were expected
to be $1.3 billion for CRVO.

Smiddy44 evaluated economic considerations for ME
associated with CRVO using data from published clinical
trials on intravitreal corticosteroids and anti-VEGF therapies.
Costs per VA line saved using therapies for ME associated
with CRVO ranged from $704 to $7611 for IVT and ranibi-
zumab, respectively. Because the data were derived from
1-year studies, the durability of various treatments and the
side-effect profileswere not addressed in the cost calculations.

The impact of CRVO on vision-related quality of life has
been assessed using the 25-item NEI Visual Function
Questionnaire. One study assessing the vision-related qual-
ity of life in patients with CRVO found that the 25-item
Visual Function Questionnaire scores correlated with the
overall systemic health of the patient and the vision in the
better-seeing eye.45 Because CRVO is associated with
reduced quality of life, most patients are willing to undergo
invasive therapy, including intravitreal injections.46 More
recent data from patients treated with ranibizumab have
shown improvements in vision-related quality of life at 1
and 6 months after anti-VEGF pharmacotherapy.47

Conclusions

Review of the available literature suggests that intravitreal
anti-VEGF pharmacotherapy is a safe and effective treat-
ment for ME associated with CRVO over 2 years. Intra-
vitreal corticosteroids have also demonstrated efficacy but
are associated with higher frequency of adverse effects,
including IOP elevation and cataract. Anti-VEGF

pharmacotherapy delivered earlier in the course of CRVO
favorably affects visual prognosis. Evidence on the safety
and efficacy of all other reported interventions (vitrectomy,
RON, chorioretinal anastomosis) is of lesser strength.

Future Research

Areas for future study include exploring options for eyes
with persistent ME despite anti-VEGF therapy and evalu-
ating the comparative efficacy of different pharmacologic
agents. The NEI-funded SCORE2 prospective, multicenter
clinical trial aims to compare the efficacy of bevacizumab
with aflibercept for ME resulting from CRVO to address
some of these questions. Greater emphasis should be placed
on novel strategies for sustained intraocular delivery of anti-
VEGF agents or combination treatment with corticosteroids
to reduce the burden, cost, and risk of injections.
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incident cases of endophthalmitis or retinal detachment were
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between the VTE/VTE and sham/VTE groups. Nonocular serious
adverse events were rare overall but similar between VTE/VTE and
sham/VTE groups (6% vs. 8%) at 12 months.28

Prospective sham-controlled trials for bevacizumab for ME
associated with CRVO in addition to large randomized trials for
age-related macular degeneration using bevacizumab have
demonstrated similar low rates of ocular adverse events and non-
ocular serious adverse events.41,42

Economic and Quality of Life Considerations

The economic burden of CRVO has been incompletely
studied. There is only 1 U.S. study available estimating the
1- and 3-year costs for patients with CRVO and BRVO in
comparison with patients with systemic hypertension or
glaucoma. Fekrat et al43 evaluated resource use (fluorescein
angiography, OCT, intravitreal injection, laser photocoagu-
lation, and vitrectomy) and direct medical costs by total
Medicare reimbursement amounts to evaluate the costs
associated with CRVO, which were $11 587 and $31 585 at
1 and 3 years, respectively. These costs exceeded the 1- and
3-year costs of systemic hypertension and glaucoma per
affected patient. On the basis of these data and prevalence
data from the Beaver Dam Eye Study, the estimated annual
direct costs to the U.S. Medicare population were expected
to be $1.3 billion for CRVO.

Smiddy44 evaluated economic considerations for ME
associated with CRVO using data from published clinical
trials on intravitreal corticosteroids and anti-VEGF therapies.
Costs per VA line saved using therapies for ME associated
with CRVO ranged from $704 to $7611 for IVT and ranibi-
zumab, respectively. Because the data were derived from
1-year studies, the durability of various treatments and the
side-effect profileswere not addressed in the cost calculations.

The impact of CRVO on vision-related quality of life has
been assessed using the 25-item NEI Visual Function
Questionnaire. One study assessing the vision-related qual-
ity of life in patients with CRVO found that the 25-item
Visual Function Questionnaire scores correlated with the
overall systemic health of the patient and the vision in the
better-seeing eye.45 Because CRVO is associated with
reduced quality of life, most patients are willing to undergo
invasive therapy, including intravitreal injections.46 More
recent data from patients treated with ranibizumab have
shown improvements in vision-related quality of life at 1
and 6 months after anti-VEGF pharmacotherapy.47

Conclusions

Review of the available literature suggests that intravitreal
anti-VEGF pharmacotherapy is a safe and effective treat-
ment for ME associated with CRVO over 2 years. Intra-
vitreal corticosteroids have also demonstrated efficacy but
are associated with higher frequency of adverse effects,
including IOP elevation and cataract. Anti-VEGF

pharmacotherapy delivered earlier in the course of CRVO
favorably affects visual prognosis. Evidence on the safety
and efficacy of all other reported interventions (vitrectomy,
RON, chorioretinal anastomosis) is of lesser strength.

Future Research

Areas for future study include exploring options for eyes
with persistent ME despite anti-VEGF therapy and evalu-
ating the comparative efficacy of different pharmacologic
agents. The NEI-funded SCORE2 prospective, multicenter
clinical trial aims to compare the efficacy of bevacizumab
with aflibercept for ME resulting from CRVO to address
some of these questions. Greater emphasis should be placed
on novel strategies for sustained intraocular delivery of anti-
VEGF agents or combination treatment with corticosteroids
to reduce the burden, cost, and risk of injections.
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CORTICOÏDES
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Pharmacocinétique
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Critères d’inclusion / Baseline

1/3 OVCR ; 2/3 OBVR
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Critères d’inclusion / Baseline

OM < 3 mois : 15 à 18 %
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(Table 3). The number of eyes with retinal thickness !250 "m
at day 90 was 141 of 389 (36.3%) in the DEX implant 0.7-mg
group, 131 of 384 (34.1%) in the DEX implant 0.35-mg group,
and 62 of 397 (15.6%) in the sham group (P!0.001, among
group).

Subgroup Analysis by Baseline Retinal Vein Occlusion Di-
agnosis. The key efficacy analyses (time to 15-letter improve-
ment, proportion of eyes achieving at least a 15-letter improve-
ment, and mean change from baseline BCVA) were evaluated for
the BRVO and CRVO populations separately (prospectively de-
fined subgroup analysis). In general, the response to treatment in
both subgroups was qualitatively similar to the responses seen in
the overall population, but the response in the sham group was
greater in the BRVO subgroup than in the CRVO subgroup in all
efficacy analyses (Fig 7). The difference between the sham groups
was particularly marked in the analysis of mean change from
baseline BCVA (Fig 7C). Mean BCVA slowly improved over the
course of the study among BRVO eyes treated with sham, but
gradually declined to below baseline levels among CRVO eyes
treated with sham.

Subgroup Analysis by Duration of Macular Edema at Base-
line. A post hoc subgroup analysis based on the duration of ME at
baseline found that the response to treatment was often greater
among eyes with a shorter duration of ME at baseline (!90 days)
compared with a longer duration of ME. For example, at day 60
(peak response) in the DEX implant 0.7-mg group, the proportion
of eyes improving by #15 letters was 38% in eyes with ME
duration !90 days and 27% in eyes with ME duration "90 days;
in the DEX implant 0.35-mg group, the proportion of eyes im-
proving #15 letters was 35% in eyes with ME duration !90 days
and 27% in eyes with ME duration "90 days. Similarly, the peak
mean change from baseline BCVA (day 60) in the DEX implant
0.7-mg group was 11.7 letters in eyes with ME duration !90 days
and 9.4 letters in eyes with ME duration "90 days; in the DEX
implant 0.35-mg group, the peak mean change was 9.9 letters in
eyes with ME duration !90 days and 9.6 letters in eyes with ME
duration "90 days. Improvements in the sham group were also
greater among patients with shorter duration of ME. Greater im-
provements in BCVA with shorter ME duration were also seen in
the BRVO subgroup. In eyes with CRVO, however, improvements

in the sham group were greater with shorter duration of ME, but
the response to treatment was not.

Safety Analysis
The overall incidence of ocular adverse events was significantly
higher in the DEX implant 0.7-mg group (62.9%) and DEX
implant 0.35-mg group (61.9%) than in the sham group (42.8%;
P!0.001). Ocular adverse events in the study eye reported by
more than 2% of patients in any treatment group or for which there
was a statistically significant difference between a DEX implant
group and sham are listed in Table 4. The only adverse events that
occurred significantly more frequently in either DEX implant
treatment group than in the sham group were eye pain (P # 0.023),
ocular hypertension (P!0.002), and anterior chamber cells
(P!0.031). The incidence of retinal neovascularization was sig-
nificantly lower in the DEX implant 0.7-mg group than the sham
group (P # 0.032). There was no statistically significant difference
in the ocular adverse event incidence between the DEX implant
0.7-mg and 0.35-mg groups.

Total cataract adverse events during the study (including cor-
tical, nuclear, and subcapsular) were reported in the study eye for
7.3% of patients (31/423) in the DEX implant 0.7-mg group, 4.1%
of patients (17/411) in the DEX implant 0.35-mg group, and 4.5%
of patients (19/422) in the sham group (P # 0.079). For 21 of these
67 patients, the cataract adverse events were bilateral. The number
of cataracts that were subcapsular was 7 of 31 in the DEX implant
0.7-mg group, 4 of 17 in the DEX implant 0.35-mg group, and 3
of 19 in the sham group (P # 0.443). Three patients (1 in each
group) had cataract extraction during the study.

Two patients had retinal detachments in the study eye: 1 in the
sham group and 1 in the DEX implant 0.7-mg group; none oc-
curred in the nonstudy eye. There was no statistically significant
difference between the treatment groups in the incidence of vitre-
ous or retinal hemorrhage. No cases of endophthalmitis were
reported.

Ocular hypertension was reported as an adverse event in sig-
nificantly more eyes in both DEX implant groups than in the sham
group (P!0.002; Table 4). Changes in IOP in the DEX implant
groups peaked at day 60 and were no different from sham by day

Figure 2. Time to achieve 15 letters of improvement from baseline BCVA. BCVA # best corrected visual acuity; DEX # dexamethasone intravitreal
implant.
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180 (Fig 8). Most eyes with increases in IOP were successfully
managed with topical IOP-lowering medication, but 5 eyes (3 in
the DEX implant 0.7-mg group, 2 in the DEX implant 0.35-mg
group) required a procedure to reduce IOP (e.g., trabeculoplasty,
tube insertion, deep sclerectomy, or cyclocryotherapy). Of these, 1

eye in each of the DEX implant groups had its procedure for
neovascular glaucoma rather than treatment-related increased IOP.
The percentage of eyes receiving IOP-lowering medication in-
creased in the DEX implant treatment groups from approximately
6% at the beginning of the study to approximately 24% by day
180; there was no change in the sham group.

The overall rate of nonocular adverse events was similar in the
3 treatment groups (DEX implant 0.7 mg: 830%; DEX implant
0.35 mg: 29%; sham: 31%). There were no statistically significant
among-group differences at baseline or in the change from base-
line in any vital signs or physical findings.

Serious Adverse Events. The overall incidence of serious
adverse events was 5.0% (21/421) in the DEX implant 0.7-mg
group, 6.6% (27/412) in the DEX implant 0.35-mg group, and
5.9% (25/423) in the sham group (no statistically significant
between-group difference). One additional patient in the sham
group developed a recurrence of melanoma in the right axilla,
which met the criteria for a serious event but was reported as
nonserious by the investigator.

Discussion

A single treatment with DEX implant 0.7 or 0.35 mg pro-
duced significantly greater improvements in visual acuity
than did a sham procedure in eyes with vision loss due to
ME associated with BRVO or CRVO. This was evident in
the results for several efficacy measures, including the time
to achieve a 15-letter improvement from baseline BCVA
(primary outcome measure for the 2 pooled studies), the
proportion of eyes achieving at least a 15-letter improve-
ment, the proportion of eyes with BCVA worsening of at
least 15 letters, and mean change from baseline BCVA. The
greater improvements in visual acuity with DEX implant
were accompanied by greater decreases in OCT-measured
central retinal thickness than were seen with sham treat-
ment. Although the improvements in various efficacy mea-
sures trended higher in eyes receiving DEX implant 0.7 mg
compared with DEX implant 0.35 mg, the differences were
not statistically significant.

A statistically significant difference between the sham
group and both DEX implant groups was seen as early as
the first efficacy visit at day 30 and often persisted until day
180 in the DEX implant 0.7-mg group. In the primary
efficacy measure of time to at least 15-letter gain, the
cumulative response rate curves for the DEX implant treat-

Figure 4. Percentage of eyes achieving at least 15 letters of improvement
from baseline BCVA. P values are for DEX implant 0.7 or 0.35 mg versus
sham. A, Percentage of eyes achieving at least 15 letters of improvement
at each study visit. B, Percentage of eyes achieving at least 15 letters of
improvement at day 180. Showing the data for all patients and the data
after excluding patients who returned for the day 180 visit after day 180
(per protocol analysis). BCVA ! best-corrected visual acuity; DEX im-
plant ! dexamethasone intravitreal implant.

Table 2. Percentage of Eyes Achieving Improvements from Baseline Best-Corrected Visual Acuity of 10 to 14 Letters

DEX Implant Dose

Percentage of Eyes/P Value vs. Sham

Day 30 Day 60 Day 90 Day 180

0.7 mg 0.35 mg 0.7 mg 0.35 mg 0.7 mg 0.35 mg 0.7 mg 0.35 mg

!10 letters increase 44%/"0.001 38%/"0.001 51%/"0.001 50%/"0.001 44%/"0.001 43%/"0.001 37%/0.037 36%/NS
!11 letters increase 40%/"0.001 34%/"0.001 47%/"0.001 44%/"0.001 40%/"0.001 38%/"0.001 32%/NS 31%/NS
!12 letters increase 34%/"0.001 29%/"0.001 42%/"0.001 41%/"0.001 34%/"0.001 36%/"0.001 30%/0.040 27%/NS
!13 letters increase 29%/"0.001 26%/"0.001 38%/"0.001 37%/"0.001 30%/"0.001 31%/"0.001 27%/0.039 24%/NS
!14 letters increase 24%/"0.001 21%/"0.001 33%/"0.001 32%/"0.001 27%/"0.001 27%/"0.001 25%/0.033 21%/NS

DEX implant ! dexamethasone intravitreal implant; NS ! not statistically significant (P!0.05).
P values are listed for the comparison of DEX implant versus sham for each dosing group at each follow-up visit.
Shading indicates differences that reached statistical significance.
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ment groups separated from the curve for the sham group as
early as day 30 (Fig 2; P!0.001). A statistically significant
difference between the sham group and both DEX implant
groups was also seen as early as day 30 in the proportion of
eyes with at least a 15-letter improvement. The proportion
of eyes with at least a 15-letter improvement peaked at day
60 and was maintained through day 90 (Fig 4A), but there
was no statistically significant difference between either
DEX implant group and the sham group at day 180 (Fig
4A). Of potential significance is the fact that approximately
half of all patients (614/1267) had their day-180 study visit
considerably later than day 180. Because the DEX implant
was designed to deliver therapeutic levels of dexamethasone
for only 6 months, these patients may have had subthera-
peutic drug levels at the time of their last study visit. When
these patients were excluded from the analysis, the differ-
ence between the DEX implant 0.7-mg group and the sham
group was statistically significant at day 180 (P " 0.017)
(Fig 4B).

Eyes treated with DEX implant were less likely to expe-
rience a 15-letter decrease in BCVA than were eyes receiv-
ing sham treatment (Fig 5); this difference remained statis-
tically significant through day 180. This finding provides
further information on the natural history of RVO by con-
firming that significant numbers of patients with untreated
RVO (particularly those with CRVO; Fig 7C) will continue
to lose visual acuity over time. It also demonstrates that
treatment with DEX implant can both reduce the risk of
further vision loss and increase the chance of improvements
in visual acuity.

Both DEX implant 0.7 mg and 0.35 mg produced sig-
nificantly greater mean improvements from baseline BCVA
than did sham treatment (P!0.006) throughout the study
period.

The improvements in visual acuity outcomes persisted
longer than the reduction in retinal thickness as measured by
OCT. Although there were statistically significant between-
group differences favoring DEX implant 0.7 mg over sham
in several visual acuity measures at day 180, there was no
between-group difference in change in retinal thickness at

this time point. This suggests that factors in addition to
changes in central retinal thickness may be affecting visual
acuity in RVO eyes with ME treated with DEX implant.

A possible criticism of this study is that it included
patients with BRVO and patients with CRVO. This study
was aimed at evaluating the response to treatment with DEX
implant in eyes with ME due to BRVO or CRVO. Although
BRVO and CRVO are arguably different disease entities
(e.g., differing in natural history and the sites of occlusion),
they share numerous characteristics, including risk factors,
and there is no compelling evidence that the ME resulting
from the occlusive events in either BRVO or CRVO differs
substantively in terms of pathophysiology. Nonetheless, al-
though patients with BRVO and patients with CRVO were
included in this study, a prospectively defined subgroup
analysis based on baseline diagnoses (BRVO/CRVO) was
included in the protocol to address concerns that one group
might have a differential response that caused the benefits of
the drug therapy on the other group to be either under- or
overestimated. The results of this analysis confirm previous
observations that CRVO is a more visually disabling disor-
der than BRVO. Eyes with CRVO did not respond as well
to therapy as eyes with BRVO, and they were less likely to
improve without therapy. The percentage of eyes in the
DEX implant groups achieving at least a 15-letter improve-
ment from baseline BCVA was sustained at a slightly higher
rate for longer among eyes with BRVO than eyes with
CRVO. In addition, in the sham groups mean BCVA
gradually improved with time in the BRVO eyes, whereas
mean BCVA steadily declined with time in the CRVO
eyes (Fig 7C).

A potentially important finding of a post hoc analysis in
this study was that shorter ME duration at baseline was
associated with greater improvements in BCVA after DEX
implant. A similar effect of ME duration was seen in the
Standard Care vs. Corticosteroid for RVO Study (SCORE
Study).11,13

The adverse events that occurred at a significantly higher
rate in the DEX implant treatment group than in the sham
group were eye pain, ocular hypertension, and anterior

Figure 5. Percentage of eyes experiencing at least a 15-letter worsening
from baseline BCVA. BCVA " best corrected visual acuity; DEX implant
" dexamethasone intravitreal implant.

Figure 6. Mean change from baseline BCVA. P values are for DEX
implant 0.7 mg versus sham. BCVA " best-corrected visual acuity; DEX
implant " dexamethasone intravitreal implant.

Haller et al ! Novel Dexamethasone Drug Delivery System in Treatment of RVO

1141

+ 9 à 10 lettres
(M2)

≈ 30 % des 
patients (M2)

41 %  des 
paMents

42

Analyse OVCR/OBVR

Haller JA & al. Ophthalmology. 2010 Jun;117(6):1134–46.e3

shown to produce a 15-letter gain in BCVA from baseline to
month 12 in 27% and 26%, respectively. The rates of cataract
and elevated IOP were similar for the observation and 1-mg
groups, but higher in the 4-mg group; 35% of patients with
CRVO treated with triamcinolone acetonide 4 mg initiated
IOP-lowering medication during the 12-month study.11 In 2
recently completed, but as yet unpublished, 6-month clinical

trials of ranibizumab (BRAVO and CRUISE studies; pre-
sented at Retina Congress 2009),12 ranibizumab 0.5 mg
injected monthly produced a 15-letter gain in BCVA from
baseline to 6 months in 61% of patients with BRVO and 48%
of patients with CRVO. In the absence of well-controlled
clinical trials that directly compare these therapeutic ap-
proaches with dexamethasone, it is difficult to make mean-

Figure 7. Efficacy comparison for BRVO and CRVO subgroups. A, Time to achieve 15 letters of improvement from baseline. B, Percentage of eyes
achieving 15 letters of improvement from baseline BCVA. C, Mean change from baseline BCVA. BCVA ! best-corrected visual acuity. BRVO ! branch
retinal vein occlusion; CRVO ! central retinal vein occlusion; DEX implant: dexamethasone intravitreal implant.
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http://aaojournal.com). At 90 days after open-label treatment
with DEX implant 0.7 mg, the mean (standard deviation) re-
duction in retinal thickness from baseline was 263 (219) !m
and 263 (217) !m in patients who received their second injec-
tion of DEX implant (retreated DEX 0.35/0.7 and 0.7/0.7
groups, respectively) and 267 (206) !m in patients who re-
ceived their first injection of DEX implant (DEX delayed-
treatment group).

Discussion

Reinjection with DEX implant 0.7 mg in patients who met
retreatment criteria for macular edema owing to BRVO or
CRVO in this study was safe and well-tolerated over 12
months. The safety profile after a second treatment with DEX
implant 0.7 mg was generally similar to that seen after the first
treatment, except that more cataract progression occurred in
eyes that received retreatment with 0.7 mg DEX implant.
Steroid-induced increases in IOP after each DEX implant
treatment were predictable and typically were controlled with
topical IOP-lowering medication. As this was a safety study,
few analyses of efficacy were performed. Nonetheless, efficacy
findings in the study were also favorable, with improvements
in BCVA and central retinal thickness after a second treatment
with DEX implant 0.7 mg similar to those seen after the first
treatment.

During the 12-month study, serious treatment-related AEs
were very infrequent (4/1830 DEX implants). Retinal tears and
retinal detachments were rare and did not differ among the
treatment groups; there were no cases of endophthalmitis. The

Figure 3. Mean change from baseline BCVA in eyes treated with DEX
implant 0.7 mg at baseline and day 180 (retreated) or at day 180 only
(delayed treatment). A, All eyes. B, Subgroup analysis of eyes diagnosed
with BRVO. C, Subgroup analysis of eyes diagnosed with CRVO. BCVA !
best-corrected visual acuity; BRVO ! branch retinal vein occlusion;
CRVO ! central retinal vein occlusion; DEX implant ! dexametha-
sone intravitreal implant.

Figure 4. Percentage of eyes treated with DEX implant 0.7 mg at baseline
and day 180 (retreated group) or at day 180 only (delayed-treatment
group) that had at least a 3-line change in BCVA from baseline. A,
Percentage of eyes that had "15 letters of improvement from baseline
BCVA. B, Percentage of eyes that had "15 letters of worsening from
baseline BCVA. BCVA ! best-corrected visual acuity; DEX implant !
dexamethasone intravitreal implant.
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0.849). Cataracts were extracted at the investigator’s and patient’s discre-
tion in a total of 11 study eyes: 4 eyes (1.3% of phakic eyes) in the
retreated DEX 0.7/0.7 group, 5 eyes (1.8% of phakic eyes) in the retreated
DEX 0.35/0.7 group, 1 eye (1.3% of phakic eyes) in the single-treatment
DEX implant 0.35 group, and 1 eye (1.1% of phakic eyes) in the
untreated group. There were no cataract extractions in study
eyes in the single-treatment DEX 0.7 group or the delayed-
treatment group.

Increases in IOP were most commonly observed in study eyes
at visits 60 days after treatment with DEX implant (Fig 2). In the
retreated DEX 0.7/0.7 group, an IOP increase of !10 mmHg from
baseline was seen in 12.6% of study eyes at 60 days after the first
DEX implant injection and 15.4% of study eyes at 60 days after the
second DEX implant injection. Overall, 32.8% of study eyes in the
retreated DEX 0.7/0.7 group had at least a 10-mmHg increase in
IOP from baseline at some point in the 12-month study. In almost
all cases, the increase in IOP had resolved by 180 days after DEX
implant treatment, with most of the increases in IOP successfully
managed with observation or topical IOP-lowering medication.
Use of IOP-lowering medication in study eyes during the double-
masked and open-label phases of the study is summarized in Table
6 (available online at http://aaojournal.org). In the initial treatment
group that received DEX implant 0.7 mg at baseline, 25.5% of
patients began treatment with IOP-lowering medication during the
masked phase of the study, and in the subgroup that qualified for
retreatment and received a second injection of DEX implant 0.7
mg at day 180, an additional 10.3% of patients began treatment
with IOP-lowering medication during the open-label phase of the
study. A laser or surgical procedure to reduce IOP was required for
14 study eyes—6 in the retreated DEX implant groups (including
1 eye with neovascular glaucoma treated with panretinal photoco-
agulation), 2 in the delayed-treatment group (including 1 eye
treated with iridotomy in the masked phase of the study, before
DEX implant treatment), 6 in the single-treatment groups (includ-
ing 3 eyes with neovascular glaucoma also treated with panretinal
photocoagulation), and 0 in the untreated group.

Visual Acuity

Among patients who received 2 treatments with DEX implant 0.7
mg, BCVA improvements were similar after the first and second
injections. Overall, as well as in the subgroups of study eyes
diagnosed with BRVO and CRVO, the peak improvement in mean
BCVA was approximately 10 letters and occurred at 60 days after
each injection (Fig 3). At least a 15-letter improvement in BCVA
from baseline was seen in up to 30% of eyes in the DEX 0.7/0.7
group at visits during the masked phase of the study (the first 6
months) and in up to 32% of eyes in the DEX 0.7/0.7 group at
visits during the open-label phase of the study (the second 6
months; Fig 4). At least a 10-letter improvement in BCVA from
baseline was seen in up to 55% of eyes in the DEX 0.7/0.7 group
and in up to 46% of eyes in the delayed-treatment group at visits
during the open-label phase of the study (Fig 5, available online at
http://aaojournal.org).

Patients who had delayed treatment (after initial treatment with
sham, they received DEX implant 0.7 mg at the start of the open-label
phase of the study) never matched the improvement of those treated
earlier in the disease process: the peak improvement in mean BCVA
was approximately 3 letters during the masked phase of the study
(after sham treatment) and approximately 7 letters during the open-
label phase of the study (after DEX implant treatment; Fig 3). Up to
27% of patients in the delayed-treatment group had at least a 15-letter
improvement in BCVA from baseline at visits during the open-label
phase of the study (Fig 4).

Retinal Thickness
For patients treated with the DEX implant who qualified for
retreatment and received DEX implant 0.7 mg at the start of the
open-label extension, the second injection of DEX implant
reduced central retinal thickness in the central 1-mm subfield
similarly to the first injection (Table 7, available online at

Figure 2. Percentage of eyes treated with DEX implant 0.7 mg at baseline
and day 180 (retreated) or at day 180 only (delayed treatment) that had
increased IOP. A, Percentage of eyes with an intraocular pressure (IOP) of
!35 mmHg. B, Percentage of eyes with an IOP of !25 mmHg. C,
Percentage of eyes with at least a 10-mmHg increase in IOP from baseline.
DEX implant ! dexamethasone intravitreal implant; IOP ! intraocular
pressure.
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Tolérance : PIO (2 injections)
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Tolérance : autres

Sham
(n=423)

DEX-PS-DDS
350 μg
(n=412)

DEX-PS-DDS
700 μg
(n=421)

P-value

Ocular
Endophthalmie 0 0 0 N/A

Uvéites 0 0 0 N/A

Décollement de rétine 1 0 1 >0.999

Hémorragie vitréenne 6 10 9 0.560

Dommages du cristallin 0 0 0 N/A

3 (0,9%) chirurgies de cataracte
(1 an de suivi…)

47

Ozurdex in the management of the macular edema following retinal vein occlusion in 
clinical practice (REMIDO/REMIDO2)

Matonti F et al. Acta Ophthalmologica. nov 2013;91(7):e584-6
Pommier S et al. Ophthalmologica. 2016;236(4):186-92
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Two-year, prospective, multicenter study of the use
of dexamethasone intravitreal implant for treatment of macular
edema secondary to retinal vein occlusion in the clinical setting
in France
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Abstract
Purpose To evaluate patterns of use and long-term efficacy
and safety of dexamethasone intravitreal implant (DEX im-
plant) in the treatment of macular edema secondary to branch
or central retinal vein occlusion (BRVO, CRVO) in French
clinical practice.

Methods A 24-month, prospective, multicenter, longitudinal,
observational study (LOUVRE) conducted at 48 randomly
selected sites in metropolitan France enrolled consecutive
adult patients with macular edema following retinal vein oc-
clusion (RVO) who were treated with DEX implant at base-
line. Re-treatment with DEX implant and use of other RVO
treatments was at the physician’s discretion. The primary end-
point was the change in best-corrected visual acuity (BCVA)
from baseline to month 6. Secondary endpoints included
change in BCVA, intraocular pressure (IOP), adverse events,
and RVO treatments administered through month 24.
Results The analysis population of 375 patients (53.9 %
BRVO, 46.1 % CRVO) received a mean of 2.6 DEX implant
injections over 2 years; mean time between injections was
6.6 months. Mean (SD) change in BCVA from baseline was
5.1 (19.0) letters at month 6 (p<0.001) and 4.6 (22.3) letters at
month 24 (p<0.001). During the study, 208 patients (55.5 %)
received treatment other than DEX implant for RVO, usually
laser or ranibizumab therapy, with first use of other therapy
occurring at a mean of 8.7 months. Mean change from base-
line BCVA at month 6 was 5.5 letters (p<0.001, N=254) in
patients who had received only DEX implant and 4.2 letters
(p=0.006, N=121) in patients who had received additional
other RVO treatment during the first 6 months. At month 24,
mean change from baseline BCVA was +20.7 letters in pa-
tients treated with a single DEX implant only (p<0.001),

Interim results of this study were presented at the 14th EURETINA
Congress, London, September 11–14, 2014.
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of the initial “other” treatment in this subgroupwas at 8.7 (6.4)
months, suggesting that moving to other treatment did not
result in improved BCVA in this cohort.

Analyses of BCVA in subgroups defined by diagnosis, du-
ration of ME, and previous treatment also showed significant
gains in BCVA at month 6 in each subgroup (Table 2). At
baseline, mean BCVA was worse in patients with CRVO
compared with patients with BRVO (41.5 vs. 52.8 letters,
p<0.001). BCVA improved significantly from baseline in both
subgroups at 6 and 24 months (p<0.001), with no significant
difference in BCVA gain between patients with BRVO and
patients with CRVO. At month 6, BCVA had improved from
baseline in patients with recent-onset (<3 months) (p<0.001)
and persistent (≥3months) (p=0.013)ME. However, the mean
gain in BCVA was greater in patients with recent-onset ME
(8.5 vs. 2.0 letters, p<0.001). Mean BCVA at baseline was
higher in patients with a duration of ME ≥3 months (51.4 vs.
43.3 letters, p<0.001), but in an ANCOVAmodel that adjust-
ed for baseline BCVA, a similar between-group difference in
BCVA change from baseline was seen, suggesting that pa-
tients with recent-onset ME responded better to treatment.
BCVA also improved significantly from baseline at 6 months
in patients regardless of their treatment status at baseline

(treatment-naïve, p<0.001; previously treated with DEX im-
plant, p=0.032; and previously treated without DEX implant,
p<0.001). However, there was a significant difference among
subgroups in the percentage of patients gaining at least 15
letters in BCVA from baseline at both 6 months and
24months, with patients previously treated with DEX implant
less likely to gain at least 15 letters (Table 2). This result may
be explained in part by the higher mean BCVA at baseline in
patients previously treated with DEX implant (Table 2).

Among the 375 patients in the analysis population, study
eyes in 101 (26.9 %) had already undergone cataract surgery
and were pseudophakic at enrollment, and cataract was pres-
ent at enrollment (based on AE reports) in 108 of the 273
phakic study eyes (39.5 %) (data on lens status were missing
for 1 eye). BCVA gains were seen in both phakic and
pseudophakic eyes, although as might be expected, gains
were smaller in phakic eyes with cataract than in those
without cataract (Table 2). At month 6, the mean improve-
ment in BCVA from baseline was statistically significant in
pseudophakic eyes (+4.2 letters, p=0.010) and phakic eyes
without baseline cataract (+7.9 letters, p<0.001), but not in
phakic eyes with baseline cataract (+1.4 letters, p=0.272)
(Table 2).

Fig. 2 Mean BCVA in study eye.
a Total analysis population. b
Subgroups based on all RVO
treatments received during the
study. Error bars show 95 %
confidence interval. BCVA best-
corrected visual acuity, D day,
DEX implant dexamethasone
intravitreal implant,M month,
RVO retinal vein occlusion, W
week
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SAFETY OF INTRAVITREAL
DEXAMETHASONE IMPLANT (OZURDEX)
The SAFODEX study. Incidence and Risk Factors of
Ocular Hypertension

ARIANE MALCLÈS, MD,* CORINNE DOT, MD, PHD,†‡ NICOLAS VOIRIN, PHD,*
ANNE-LAURE VIÉ, MD,* ÉMILIE AGARD, MD,†‡ DAVID BELLOCQ, MD,* PHILIPPE DENIS, MD, PHD,*
LAURENT KODJIKIAN, MD, PHD*

Purpose: To analyze the incidence, risk factors, and time course of intraocular pressure
elevation after intravitreal dexamethasone implant (Ozurdex).

Methods: The medical charts of 421 consecutive eyes (361 patients) receiving one or
more Ozurdex implant between October 2010 and February 2015 were reviewed retrospec-
tively. Ocular hypertension was defined as intraocular pressure of at least 25 mmHg or an
increase of at least 10 mmHg from baseline. The main indications for treatment were retinal
vein occlusion (34%), diabetic macular edema (30%), postsurgical macular edema (17%),
uveitis (14%), and other etiologies (5%).

Results: Among 1,000 intravitreal injections, ocular hypertension was recorded for 28.5%
of injected eyes over a mean follow-up period of 16.8 months (3–55). Intraocular pressure-
lowering medication was required for 31% of eyes. Only three eyes with preexisting glaucoma
required filtering surgery to manage postinjection intraocular pressure elevation. Early retreat-
ment between the third and fourth month does not increase the risk of intraocular pressure
elevation. Younger age, male sex, Type 1 diabetes, preexisting glaucoma treated with dual or
triple therapy, and a history of retinal vein occlusion or uveitis were significant risk factors for
ocular hypertension after dexamethasone implant injection (P , 0.05 for all the above).

Conclusion: Episodes of ocular hypertension after Ozurdex implant were generally
transient and successfully managed with topical treatment. An analysis of the risk factors
may help to determine the risk–benefit ratio for individual patients treated with dexa-
methasone implants.

RETINA 0:1–8, 2016

Steroid-response ocular hypertension (OHT) was
described by François1 and Mac Lean2 in the

1950s. All forms of corticosteroids (systemic, topical,
periocular, intravitreal) can cause OHT.

The mechanisms involved in IOP elevation are
complex, any modification or blockage of the ultra-
structure of the trabecular meshwork can hinder the
outflow of aqueous humor, thus causing a rise in IOP.
Corticosteroids inhibit proteases and the phagocytosis
of the trabecular cells, which reduce damage to the
extracellular matrix of the trabecular meshwork. These
modifications to the trabecular microstructure, which
increase resistance to the drainage of the aqueous
humor, also cause a reduction in filtration, which in
turn increases IOP.3

Intravitreal injections of Ozurdex (Allergan Inc,
Irvine, CA) are an increasingly popular solution for
treating macular edema (ME) secondary to RVO,4 dia-
betic macular edema (DME),5 postsurgical ME,6 and
uveitis.7 Along with cataracts, OHT is the most common
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(n = 120). Ocular hypertension of$25 mmHg occurred
in 20% of cases (n = 85). This percentage dropped to
6% for hypertension of $35 mmHg (n = 24). Over the
course of the follow-up period, 27% of eyes experi-
enced an increase in pressure of $10 mmHg compared
with their baseline IOP (n = 114).
The proportion of patients who developed OHT

while treated with Ozurdex (IOP $25 or increase of
$10 compared with baseline IOP) was higher in the
RVO (36%) and uveitis (38%) groups than in the
postsurgical ME (27%) and DME (17%) groups
(Figure 1). This difference was statistically significant
for the DME group compared with the RVO group
(P = 0.006) and the DME group compared with the
uveitis group (P = 0.009).

Pressure Response According to Pathology

The mean increase in IOP after the first DEX-I was
+4.2 mmHg (uveitis +5.5 mmHg, RVO +4.7 mmHg,
postsurgical ME +4.5 mmHg, and DME +2.5 mmHg).

This increase is significantly lower in the DME group
compared with the uveitis group (P = 0.045), and in the
DME group compared with the RVO group (P = 0.01).
The analysis of the pressure response in the three

months after the DEX-I injection found a higher
proportion of intermediate (+6 to +15 mmHg) and
high responders (.+15 mmHg) in the RVO and uve-
itis groups (52% and 56%, respectively) compared
with patients with DME and postsurgical ME (36%
and 43%, respectively) (Figure 2). This difference
was statistically significant for the DME group com-
pared with the RVO group (P = 0.018), and the DME
group compared with the uveitis group (P = 0.018).

Subgroup of Patients With Ocular Hypertension or
Glaucoma on Inclusion

The analysis of the subgroup of patients with
glaucoma/OHT at inclusion (n = 58) (baseline IOP =
13.5 mmHg ± 3.7) found poor pressure tolerance for
patients with glaucoma treated with dual or triple ther-
apy at baseline, with 50% and 100% of high respond-
ers to intravitreal DEX-I, respectively (Figure 3), and
a 73% rate of OHT of $25 mmHg over the course of
the follow-up period.
Thirty-seven percent of the patients with glaucoma

treated with a monotherapy experienced IOP elevation
of $25 mmHg during follow-up.
Patients treated for OHT or with a history of filtration

surgery on inclusion seemed to have better tolerance, as
the rate of hypertension of $25 mmHg was 8% and
17%, respectively in these 2 groups (P = 0.018).

Postintravitreal Injection Peak
Intraocular Pressure

Ocular hypertension (IOP $25 mmHg) was most
frequently diagnosed two months’ postintravitreal
injection of DEX-I (51%), however, in some patients
we also observed much earlier increases in pressure

Fig. 1. Percentage of eyes with OHT of $25 mmHg, $35 mmHg, or
an increase of $10 mmHg compared with baseline IOP. Percentage of
eyes requiring the introduction or addition of IOP-lowering medication
during the follow-up period, shown by pathology.

Table 1. Baseline Patient Characteristics, Duration of Follow-up, and Retreatment

RVO DME
Postsurgical

Macular Edema Uveitis Other Total

No. eyes 142 128 73 58 20 421
% Male 51 51 58 23 50 49
Mean age, years 72 66 69 57 53 67
% Pseudophakic 33 55 97 47 25 52
Baseline mean IOP (mmHg) 13.5 13.4 13 12 14.5 13.2
Preexisting POAG/OHT 29 (20%) 13 (10%) 6 (8%) 7 (12%) 3 (15%) 58 (14%)
Mean number of injections 2.4 2.1 2.5 3.1 1.3 2.4
% Repeated injections 65 56 52 64 30 58
Total no. injections 341 274 182 177 26 1,000
Mean follow-up, months 17 15.7 16.2 21.5 11 16.8

POAG, primary open-angle glaucoma.
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1000 injections
421 yeux, 361 patients
2,4 injections (1-11) par patient
Suivi moyen 16,8 mois (3-55)
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Abstract
Purpose To evaluate the safety and efficacy of repeated dexamethasone intravitreal implants (DEX implants) over 3 years in eyes
with macular edema (ME) secondary to branch retinal vein occlusion (BRVO) or central retinal vein occlusion (CRVO).
Methods We conducted a 3-year, retrospective, multicenter study that included adult patients with ME secondary to BRVO or
CRVO treated with first-line DEX implants. Patients were divided into two different subgroups: patients who received DEX
implant injections only (group 1) and those who received DEX implants first and then were switched to anti-VEGF agents (group
2). Primary endpoints were changes in best-corrected visual acuity (BCVA) and central retinal thickness (CRT) from baseline to
month 6 and month 36. Secondary endpoints included changes in both BCVA and CRT after each DEX implant and adverse
events, particularly cataract extraction and elevated intraocular pressure (IOP).
Results Sixty-six patients with a median [IQR (interquartile ratio)] age of 72 [65.0; 81.1] years were included (40.9% BRVO,
59.1%CRVO), who received amedian of 5.0 [min, 1.0; max, 10.0] DEX implants over 3 years.Median [IQR] time to retreatment
was 4.8 [4.2; 6.0] months. The median [IQR] improvements in BCVA from baseline until months 6 and 36 were respectively +
10.0 [0; + 20.0] letters (P = 0.040) and + 10.0 [− 8.7; + 20.0] letters (P = 0.364) in the whole population. In group 1, the results
were similar, whereas in group 2, BCVA significantly increased at M36 compared with baseline (P = 0.003). The median [IQR]
CRT reductions from baseline to months 6 and 36 were respectively − 227.5 [− 337.0; − 52.7] μm and − 224.0 [− 405.0; − 83.8]
μm (P < 0.001) in the whole population. Results were similar in both groups. The most common adverse events were cataract
extraction (70.4%) and elevated IOP (54.5%). No other serious local complications were observed. Treatment was switched to
anti-VEGF agents in 16 (24.2%) patients.
Conclusions DEX implants are an effective treatment for BRVO and CRVO-associated ME over 3 years. It is a valid treatment
even though complications remain frequent. However, functional efficacy seems to decrease with time and repeated injections.

Keywords Dexamethasone . Intravitreal injection . Retinal vein occlusion .Macular edema

Introduction

Retinal vein occlusion (RVO) is the second most frequent
retinal vascular disease after diabetic retinopathy in industri-
alized countries [1, 2]. Prevalence of the disease has been
estimated at 0.08% in the general population and 0.92% in
the population older than 65 years [3, 4]. Altogether, approx-
imately 16million adults worldwide are thought to suffer from
RVO [3]. Macular edema (ME) is the most common compli-
cation of RVO with macular ischemia and is the principal
cause of severe vision loss [2, 5]. The early initiation of treat-
ment for ME in both branch retinal vein occlusion (BRVO)
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The reasons for the switch to anti-VEGF agents were lack
of efficacy (n = 8; 50.0%), elevated IOP despite IOP-lowering
medication (n = 6; 37.5%), neovascular glaucoma (n = 1;
6.2%), and not disclosed (n = 1; 6.2%). The median time to
the switch to anti-VEGF agents in group 2 was 20.4 [16.8;
34.8] months. Fourteen (87.5%) patients were switched to
ranibizumab (Lucentis®; Genetech Inc., South San
Francisco, CA, USA) and two (12.5%) patients to aflibercept
(Eylea®, Regeneron Pharmaceutical Inc., Tarrytown, NY,
USA).

In addition, 36 (54.5%) patients underwent panretinal
photocoagulation (PRP) laser treatment due to ischemia in
the total population (48.0% in group 1 and 75.0% in group
2). Among these patients, 26 had CRVO. Thirty-six
(54.5%) patients presented an IOP > 21 mmHg during
the follow-up. There was a larger proportion in group 2,
but the difference was not statistically significant (P =
0.096). Of the 11 patients in group 2 who presented

elevated IOP, six were switched to anti-VEGF agents be-
cause of uncontrolled IOP. Overall, 32 patients were treat-
ed with IOP-lowering medications: 23 (34.8%) patients in
group 1 and nine (56.2%) in group 2. Twelve (37.5%)
patients were treated with single therapy, 11 (34.4%) pa-
tients with dual therapy, seven (21.9%) patients with triple
therapy, and two (6.2%) patients with quadruple therapy.
Two (3.0%) patients developed glaucoma (based on visual
fields and OCT findings) and one was referred for
incisional glaucoma surgery.

At enrolment, 44 (66.7%) patients were phakic. Thirty-one
(70.4% of phakic eyes) patients underwent cataract surgery
during follow-up. The median [IQR] time to cataract removal
was 20.4 [14.4; 39.6] months. We noted one case of
neovascular glaucoma in group 2 more than 1 year after the
switch to anti-VEGF. No other adverse effects, such as intra-
vitreal hemorrhage, endophthalmitis, or retinal detachment,
were observed.

Fig. 1 Median best-corrected visual acuity in the study eye. Total popu-
lation (a), group 1 (b), and group 2 (c). Error bars show interquartile
range. BCVA, best-corrected visual acuity; M, month; M0, before DEX

implant; Group 1, patients treated with DEX implants only; Group 2,
patients treated with DEX implants and then switched to anti-VEGF
agents
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Table 2 Best-corrected visual acuity after repeat dexamethasone intravitreal implants

DEX 1 (n = 66) DEX 2 (n = 62) DEX 3 (n = 60) DEX 4 (n = 48) DEX 5 (n = 38) DEX6 (n = 26) DEX 7 (n = 17) DEX 8 (n = 9) DEX 9 (n = 3) DEX 10 (n = 2)

BCVA before
DEX implant

50.0 [35.0; 65.0] 52.5 [35.0; 65.0] 55.0 [35.0; 65.0] 50.0 [27.5; 70.0] 60.0 [27.5; 70.0] 50.0 [40.0; 65.0] 50.0 [20.0; 65.0] 60.0 [50.0; 65.0] 65.0[55.0; 85.0] 68.5 [60.0; 77.0]

BCVA after
DEX implant

67.5 [50.0; 78.0] 65.0 [50.0; 77.0] 65.0 [45.0; 75.0] 60.0 [35.0; 75.0] 58.5 [40.0; 77.0] 60.0 [30.0; 77.0] 60.0 [25.0; 70.0] 70.0 [35.0; 77.0] 82.0 [77.0; 85.0] 79.5 [77.0; 82.0]

P value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.164 0.830 0.020 0.165 0.180

Continuous variables are displayed as median [IQR]; statistically significant P values are in italics. BCVA is 4 weeks to 6 weeks after DEX implant

BCVA, best-corrected visual acuity (ETDRS letters); DEX 1, first DEX implant; DEX 2, second DEX implant, etc.
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• PPR : 36 patients (54,5%)
• IOP>21mmHg : 36 patients (54,5%)

– hypoTO : 32 patients (48,5%)

• Chirurgie de cataracte : 70,4% des yeux 
phakes
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Introduction
Central retinal vein occlusion (CRVO) is a retinal 
vascular condition that can severely affect visual 
acuity, including sudden blindness.1 Prevalence 
estimates indicate that CRVO affects ~2.5 million 
people >30 years of age in Europe.2,3

Visual loss after CRVO commonly occurs as a 
result of macular edema. The mechanism of 
macular edema in CRVO is not completely 
understood.4,5 It has been described the main 
role of the elevated levels of vascular endothelial 
growth factor (VEGF) apart from the increased 
venous pressure. Upregulation of other inflam-
matory mediators and dysregulation of endothe-
lial tight junctions have also been involved in 
the pathogeny.5,6 Although laser photocoagulation 
has been considered for many decades the stand-
ard retinal vein occlusion (RVO) treatment,7 

inhibiting VEGF levels seemed to be a rational 
strategy for treating RVO. Multiple clinical trials 
have shown a significant reduction in plasma 
VEGF levels in CRVO patients after intravitreal 
(IV) injection of anti-VEGF agents.8–11 The cur-
rent approved treatment options include IV 
injections of ranibizumab (Lucentis®, Novartis 
Europharm Ltd, UK) and aflibercept (Eylea®, 
Bayer Pharma AG, Germany).12,13 Moreover, IV 
corticosteroid agents such as triamcinolone and 
dexamethasone implant (Ozurdex®, Allergan 
Pharmaceuticals, Ireland) have also been stud-
ied and are currently considered valid therapeu-
tic options in CRVO treatment due to their 
anti-inflammatory, antiangiogenic, and anti-
edema properties.2,14–16

Vitrectomy with internal limiting membrane 
(ILM) peeling have also been suggested to be a 
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morphology during follow-up, the mean Retinal 
Nerve Fibre Layer (RNFL) at the Cirrus HD-OCT 
was 92 µm at the time of the injection of fluo-
cinolone acetonide IV implant and remained sta-
ble through the follow-up, being 91 µm at the 
12th month.

Despite the good functional and anatomical 
results observed at the 12th month without addi-
tional therapies, it is still possible to observe 
residual macular edema on the OCT (Figure 
3(c)). However, the patient is pleased with his 
current visual acuity, being stable and independ-
ent of IV injections for long time with a significant 
improvement in his quality of life, not being inter-
ested and rejecting any additional treatment.

Discussion
In this case report, the treatment with a single 
fluocinolone acetonide IV implant was effective 

in one eye with chronic macular edema sec-
ondary to non-ischemic CRVO with an accept-
able safety profile. Visual and anatomical 
improvements were continuous and sustained 
more than 12 months. Visual acuity improved 
from 20/200 to 20/25 and CSFT reduced from 
578 µm to 392 µm.

It is well known that IV steroid administration has 
an anti-inflammatory role reducing vascular per-
meability, inhibiting leucocyte movement, sup-
pressing homing and migration of inflammatory 
cells, stabilizing tight junctions, and inhibiting 
prostaglandins and other cytokines.10,12 In this 
particular case steroids, namely, dexamethasone 
IV implant (Ozurdex®), were used as first-line 
therapy instead of anti-VEGF due to the presence 
of non-ischemic characteristics and after confir-
mation of perfusion over the peripheral retina on 
the fluorescein angiograph. Also, the authors have 
long experience and good results with steroids in 

Figure 3. Left eye optic coherence tomography (a) before, (b) 3 months, and (c) 12 months after injection of 
fluocinolone acetonide intravitreal implant. (a) BCVA: 20/200; CSFT: 578 μm; IOP: 16 mmHg; (b) BCVA: 20/32; 
CSFT: 397 μm; IOP: 18 mmHg; (c) BCVA: 20/25; CSFT: 392 μm; IOP: 18 mmHg.
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Patients inclus

• BRAVO
– OBVR depuis < 12 mois

Screening ≈ 1 mois

– AV entre 20/400 et 20/40

– Laser depuis > 4 mois 

• CRUISE
– OVCR depuis < 12 mois

Screening ≈ 1 mois

– AV entre 20/320 et 20/40

– Laser depuis > 4 mois
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Ranibizumab/OBVR : BRAVO

mean decreases in BCVA letter score of 3.1 (0.3 mg), 2.8 (0.5 mg),
and 3.3 (sham/0.5 mg), whereas most of those who received an
injection showed improvement in BCVA, with mean increases of
0.7 (0.3 mg), 0.4 (0.5 mg), and 3.7 (sham/0.5 mg) (Fig 2, available
at http://aaojournal.org).

Percentage of Patients with a BCVA Letter Score Gain or
Loss >15. The percentage of patients who had an improvement
from baseline BCVA letter score of !15 at the month 6 time point
was 55.2% (0.3 mg) and 61.1% (0.5 mg) in the ranibizumab groups
and 28.8% in the sham group.5 This was maintained in the ranibi-
zumab groups during the observation period when ranibizumab was
given as needed, and at month 12 the percentage of patients who had
an improvement from baseline BCVA letter score of !15 was 56.0%
(0.3 mg) and 60.3% (0.5 mg) (Table 2). The sham/0.5 mg group
showed improvement from ranibizumab injections given as needed
throughout the observation period; however, the 43.9% of patients
who gained !15 in BCVA letter score at month 12 was less than that
observed in the ranibizumab groups (P! 0.05 for each ranibizumab
group vs. sham/0.5 mg). The percentage of patients who lost !15
from baseline BCVA letter score was 0% (0.3 mg), 1.5% (0.5 mg),
and 4.5% (sham) at month 6 compared with 0.7% (0.3 mg), 2.3% (0.5
mg), and 6.1% (sham/0.5 mg) at month 12.

Percentage of Patients with Snellen Equivalent BCVA >20/
40. A Snellen BCVA of !20/40 is generally sufficient to support
reading and driving and is considered an excellent outcome. The
percentage of patients with Snellen equivalent BCVA !20/40 was
67.9% (0.3 mg), 64.9% (0.5 mg), and 41.7% (sham) at month 6,5
compared with 67.9% (0.3 mg), 66.4% (0.5 mg), and 56.8%
(sham/0.5 mg) at month 12. Snellen equivalent BCVA outcomes
are broken down into several categories in Table 3.

Percentage of Patients with Snellen Equivalent BCVA <20/
200. Snellen equivalent BCVA "20/200 is a poor visual outcome
and is defined as legal blindness. This outcome occurred in the
study eye in 1.5% (0.3 mg), 0.8% (0.5 mg), and 9.1% (sham) of
patients at month 6,5 compared with 2.2% (0.3 mg), 3.8% (0.5
mg), and 6.8% (sham/0.5 mg) of patients at month 12.

Impact of Visual Outcome on Daily Life Activities. At
month 6, the mean increase from baseline NEI VFQ-25 composite

score was 9.3 points (0.3 mg) and 10.4 points (0.5 mg) in the
ranibizumab treatment groups compared with 5.4 points in the
sham group.5 Treatment with ranibizumab as needed from months
6 to 11 maintained, on average, the increases in the 2 ranibizumab
groups (9.0 points in the 0.3 mg group, 10.2 points in the 0.5 mg
group) and resulted in a mean increase (from baseline) of 7.4
points in the sham/0.5 mg group (Fig 3).

Anatomic Outcomes at Month 12

Change From Baseline CFT. At the month 6 time point, the mean
change from baseline CFT was a reduction of 337.3 #m and 345.2
#m in the 0.3 mg and 0.5 mg ranibizumab groups, respectively,
compared with a reduction of 157.7 #m in the sham group.5 In the
0.3 mg and 0.5 mg treatment groups, these reductions were main-
tained with as-needed ranibizumab during the observation period,
with a mean reduction from baseline CFT of 313.6 #m and 347.4
#m, respectively, at month 12 (Fig 4). The sham/0.5 mg group
experienced an overall improvement in CFT during the observa-
tion period, with a mean reduction from baseline of 273.7 #m at
month 12. The mean improvement from baseline CFT at month 12
in the sham/0.5 mg group was significantly less than that of the 0.5
mg treatment group (P! 0.05 sham/0.5 mg vs. 0.5 mg).

Most patients in the 0.3 mg, 0.5 mg, and sham/0.5 mg groups
who did not receive an injection of as-needed ranibizumab at
month 6 showed worsening of CFT from month 6 to 7, with mean
increases of 99 #m, 64 #m, and 60 #m, respectively, from month
6 to 7, whereas most who received an injection showed improve-
ment or no change in CFT from month 6 to 7, with mean reduc-
tions of 4 #m, 14 #m, and 137 #m, respectively, from month 6 to
7 (Fig 5, available at http://aaojournal.org).

Residual Edema. In addition to assessing the absolute reduc-
tion in CFT, it is important to determine how much macular edema
a treatment eliminates. One way to assess this is to determine the
percentage of patients with CFT "250 #m. At the month 6 time
point, 91.0% (0.3 mg) and 84.7% (0.5 mg) of ranibizumab-treated
patients had a CFT "250 #m compared with 45.5% of patients in
the sham group.5 At month 12, the percentages in the ranibizumab

Figure 1. Mean change from study eye baseline BCVA letter score over time to month 12. *P! 0.0001 vs. sham, **P! 0.01 vs. sham/0.5 mg. Earliest
statistically significant group difference was at day 7. The last observation carried forward method was used to impute missing values. Vertical bars are "1
standard error of the mean. On average, visual gains during the treatment period were maintained in the ranibizumab treatment groups during the
observation period. There was substantial improvement in VA in the sham/0.5 mg group during the observation period; however, the mean change from
baseline BCVA score of sham/0.5 mg group remained significantly different from that of the 0.3 mg and 0.5 mg groups at month 12. BCVA #
best-corrected visual acuity; ETDRS # Early Treatment Diabetic Retinopathy Study; VA # visual acuity.
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Anatomic Outcomes at Month 12

Change from Baseline CFT. At the month 6 time point, the mean
change from baseline CFT was a reduction of 433.7 and 452.3 !m
in the 0.3 mg and 0.5 mg ranibizumab groups compared with a
reduction of 167.7 !m in the sham group. In the 0.3 mg and 0.5 mg
treatment groups, these reductions were maintained with as-needed
ranibizumab during the observation period, with a mean reduction
from baseline CFT of 452.8 and 462.1 !m, respectively, at month
12 (Fig 4). The sham/0.5 mg group experienced an overall im-
provement in CFT during the observation period, with a mean
reduction from baseline of 427.2 !m at month 12. The mean
improvement from baseline CFT at month 12 in the sham/0.5
mg group was not significantly less than that of the 0.3 mg or
0.5 mg treatment groups (P!0.40 for each ranibizumab group
vs sham/0.5 mg).

Most patients in the 0.3 mg, 0.5 mg, and sham/0.5 mg groups
who did not receive an injection of as-needed ranibizumab at
month 6 showed worsening of CFT from months 6 to 7, with mean
increases of 176, 200, and 21 !m, respectively, from months 6 to
7, whereas most who received an injection showed improvement
or no change in CFT from months 6 to 7, with mean reductions of
11, 19, and 295 !m, respectively, from months 6 to 7 (Fig 5,
available online at http://aaojournal.org).

Residual Edema. In addition to assessing the absolute reduc-
tion in CFT, it is important to determine how much macular edema
a treatment eliminates. One way to assess this is to determine the
percentage of patients with CFT "250 !m. At the month 6 time
point, 75.0% (0.3 mg) and 76.9% (0.5 mg) of ranibizumab-treated
patients had CFT "250 !m compared with 23.1% of the sham
group patients. At month 12, the percentages in the ranibizumab
groups were similar to those at month 6—75.8% (0.3 mg) and
77.7% (0.5 mg)—and had increased markedly to 70.8% in the
sham/0.5 mg group (Table 4).

Retinal Hemorrhages. Indirect ophthalmoscopy and/or biomi-
croscopy by investigators indicated that 0.8% (0.3 mg), 1.5 % (0.5

Figure 1. Mean change from study eye baseline best-corrected visual acuity letter score over time to month 12. *P"0.0001 versus sham, **P"0.001 versus
sham/0.5 mg. Earliest statistically significant group difference was at day 7. The last-observation-carried-forward method was used to impute missing values.
Vertical bars are #1 standard error of the mean. On average, visual gains during the treatment period were maintained in the ranibizumab treatment groups
during the observation period. There was substantial improvement in visual acuity in the sham/0.5 mg group during the observation period; however, the
mean change from baseline best-corrected visual acuity score of the sham/0.5 mg patients remained significantly different from that of the 0.3 mg and 0.5
mg groups at month 12. BCVA $ best-corrected visual acuity; ETDRS $ Early Treatment Diabetic Retinopathy Study.

Table 2. Change from Baseline Study Eye Best-Corrected
Visual Acuity at Month 12

Sham/0.5 mg
(n ! 130)

Ranibizumab

0.3 mg
(n $ 132)

0.5 mg
(n $ 130)

Change from baseline BCVA (ETDRS letter score) at month 12
Mean (SD) 7.3 (15.9) 13.9 (15.2) 13.9 (14.2)
95% CI for mean 4.5-10.0 11.2-16.5 11.5-16.4
Difference in means

(vs. sham/0.5 mg)
6.6 6.7

95% CI for difference 2.8-10.4 3.0-10.4
P-value (ranibizumab

vs. sham/0.5 mg)
0.0007 0.0006

Distribution of change at month 12, n (%)
Gain (letters)

#15 43 (33.1) 62 (47.0) 66 (50.8)
10–14 22 (16.9) 23 (17.4) 20 (15.4)
5–9 13 (10.0) 21 (15.9) 14 (10.8)

No change, #4.0 29 (22.3) 13 (9.8) 23 (17.7)
Loss (letters)

5–9 7 (5.4) 6 (4.5) 2 (1.5)
10–14 3 (2.3) 2 (1.5) 2 (1.5)
#15 13 (10.0) 5 (3.8) 3 (2.3)

#15-letter gain, %
Month 7 25.4 42.4 43.1
Month 8 26.2 43.9 53.8
Month 9 31.5 43.2 48.5
Month 10 31.5 45.5 51.5
Month 11 30.8 45.5 46.2

BCVA $ best-corrected visual acuity; CI $ confidence interval; ETDRS $
Early Treatment Diabetic Retinopathy Study; SD $ standard deviation.
Last-observation-carried forward method was used to impute missing data.
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Tolérance générale

CRUISE Sham Lucentis 

AVC hémorrag. 0 0

AVC ischémique 0 0

AIT 0 1 (0,8%)

IdM 1 (0,8%) 1 (0,8%)

Angor 0 1 (0,8%)

HTA 1 (0,8%) 0

Protéinurie 0 0

BRAVO Sham Lucentis

AVC hémorrag. 1 (0,8%) 1 (0,8%)

AVC ischémique 0 0

AIT

IdM 0 1 (1,8%)

Angor 0 1 (1,8%)

HTA 0 0

Protéinurie 0 0

59

Tolérance oculaire

CRUISE Sham Lucentis 

Inflammation 5 (3,9%) 2 (1,6%)

Cataracte 0 1 (0,8%)

Rubéose 9 (7%) 1 (0,8%)

GNV 2 (1,6%) 0

Endophtalmie 0 0

DR 0 0

Déchirure 0 0

HiV 1 (0,8%) 0

BRAVO Sham Lucentis

Inflammation 4 (3,1%) 0

Cataracte 4 (3,1%) 4 (3,1%)

Rubéose 3 (2,3%) 0

GNV 0 0

Endophtalmie 0 1 (0,8%)

DR 0 0

Déchirure 0 0

HiV 0 0
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Tolérance oculaire

CRUISE Sham Lucentis 

Inflammation 5 (3,9%) 2 (1,6%)

Cataracte 0 1 (0,8%)

Rubéose 9 (7%) 1 (0,8%)

GNV 2 (1,6%) 0

Endophtalmie 0 0

DR 0 0

Déchirure 0 0

HiV 1 (0,8%) 0

BRAVO Sham Lucentis

Inflammation 4 (3,1%) 0

Cataracte 4 (3,1%) 4 (3,1%)

Rubéose 3 (2,3%) 0

GNV 0 0

Endophtalmie 0 1 (0,8%)

DR 0 0

Déchirure 0 0

HiV 0 0

Injections mensuelles…
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BRAVO/CRUISE au long cours : HORIZON

Ophthalmology. 2012 Apr;119(4):802–9

Safety Outcomes

Ocular. Over the total duration of HORIZON, the most com-
monly reported ocular AEs in the study eye were retinal hemor-
rhage (11.8%, 24.3%, and 21.2% of BRAVO patients in the
sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg groups, respectively;
18.8%, 19.6%, and 27.3% of CRUISE patients in the sham/0.5-mg,
0.3/0.5-mg, and 0.5-mg groups, respectively); conjunctival hem-
orrhage (15.1%, 20.4%, and 14.4% of BRAVO patients in the
sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg groups, respectively;
15.6%, 15.0%, and 16.2% of CRUISE patients in the sham/0.5-mg,
0.3/0.5-mg, and 0.5-mg groups, respectively). The frequency of
ocular serious AEs (SAEs) in the study eye was low (Table 5,
available at http://aaojournal.org). Two cases of endophthalmitis
were reported in the study eye in CRVO patients in the 0.3/0.5-mg
ranibizumab group, exhibiting the small risk of infection inherent

in any treatment involving repeated intraocular injections. Serious
intraocular inflammation AEs did not occur in any of the groups.
The overall rate of serious cataract AEs was low and no cases of
traumatic cataract (lens damage) were reported. Increased intraoc-
ular pressure was reported in 2 BRVO patients, 1 each in the
0.3/0.5-mg and 0.5-mg groups, and in 1 CRVO patient in the
0.3/0.5-mg group. Other ocular SAEs seemed to be part of
the natural history of RVOs and were not attributable to ranibi-
zumab or the injection procedure.

Nonocular. The most common nonocular AEs were hyperten-
sion and nasopharyngitis (Table 6, available at http://aaojournal.
org). A total of 11 deaths were reported during this study. No
imbalance was observed for AEs potentially related to systemic
VEGF inhibition. Arterial thromboembolic events, as categorized
by the Antiplatelet Trialists’ Collaboration12 were reported in 6
patients enrolled from BRAVO (2.0%) and 10 patients enrolled
from CRUISE (3.3%). No imbalance in changes in vital signs was
observed. Nonocular SAEs were rare and similar to those seen in
other trials investigating intraocular ranibizumab for other disease
indications.

Functional Outcomes at Month 12

Change from Baseline BCVA. At HORIZON baseline, the mean
change from BRAVO baseline in BCVA letter score was 13.2,
16.8, and 19.2 in the sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg treat-
ment groups, respectively. At month 12 of HORIZON, the mean
change from BRAVO baseline in BCVA letter score was 15.6,
14.9, and 17.5 in the sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg treat-
ment groups, respectively (Fig 3A). The BCVA remained stable in
BRVO patients over the first 12 months of HORIZON; the mean
change in BCVA letter score at 12 months from HORIZON
baseline was 0.9, !2.3, and !0.7 in the sham/0.5-mg, 0.3/0.5-mg,
and 0.5-mg treatment groups, respectively (Fig 3B).

At HORIZON baseline, the mean change from CRUISE base-
line BCVA letter score was 9.4, 14.9, and 16.2 in the sham/0.5-mg,
0.3/0.5-mg, and 0.5-mg treatment groups, respectively. At month

Table 4. Rescue Grid Laser Use in BRAVO Patients Who
Completed 12 Months of HORIZON RVO*

Sham/0.5 mg
(n ! 66)

Ranibizumab

0.3/0.5 mg
(n " 66)

0.5 mg
(n " 73)

None in BRAVO and
HORIZON

20 (30) 34 (52) 43 (59)

Patients who received !1
rescue treatment, n (%)

BRAVO only 43 (65) 26 (39) 21 (29)
HORIZON only 0 2 (3) 4 (5)
BRAVO and HORIZON 3 (5) 4 (6) 5 (7)

BRAVO " Ranibizumab for the Treatment of Macular Edema follow-
ing Branch Retinal Vein Occlusion: Evaluation of Efficacy and Safety;
RVO " retinal vein occlusion.
*Data are summarized for patients from BRAVO who enrolled in and
completed 12 months of HORIZON RVO.
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Figure 3. Mean change in visual acuity (VA) up to month 12 of HORIZON in BRAVO patients from (A) BRAVO baseline and (B) HORIZON RVO
baseline. Vertical bars are #1 SEM. *Includes patients with data available at that time point and BRAVO baseline. †Includes patients with data available
at HORIZON baseline and month 12. BCVA " best-corrected visual acuity; BRAVO " Ranibizumab for the Treatment of Macular Edema following
Branch Retinal Vein Occlusion: Evaluation of Efficacy and Safety; RVO " retinal vein occlusion; SEM " standard error of the mean.

Heier et al ! Long-term Ranibizumab for Retinal Vein Occlusion
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12 of HORIZON, the mean change from CRUISE baseline BCVA
letter score was 7.6, 8.2, and 12.0 in the sham/0.5-mg, 0.3/0.5-mg,
and 0.5-mg treatment groups, respectively (Fig 4A). The BCVA
decreased in ranibizumab patients with CRVO over the first 12
months of HORIZON; the mean change in BCVA letter score at 12
months from HORIZON baseline was !4.2, !5.2, and !4.1 in the
sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg treatment groups, respec-
tively (Fig 4B).

Percentage of Patients Who Had BCVA Letter Score Gain
or Loss of >15 Letters. At month 12 of HORIZON, the percent-
age of BRVO patients who had an improvement of !15 letters
from BRAVO baseline was 51.5% (sham/0.5 mg), 50.0% (0.3/0.5
mg), and 60.3% (0.5 mg), whereas the percentage of BRVO
patients who lost !15 letters from BRAVO baseline was 1.5%
(sham/0.5 mg), 1.5% (0.3/0.5mg), and 1.4% (0.5 mg; Fig 5A,
available at http://aaojournal.org). In CRVO patients, at month 12
of HORIZON, the percentage of patients who had an improvement
of !15 letters from CRUISE baseline was 38.3% (sham/0.5 mg),
38.6% (0.3/0.5 mg), and 45.1% (0.5 mg); the percentage of CRVO
patients who lost !15 letters from CRUISE baseline was 13.3%
(sham/0.5 mg), 12.9% (0.3/0.5 mg), and 5.9% (0.5 mg; Fig 5B
available at http://aaojournal.org).

Percentage of Patients with Snellen Equivalent BCVA
> 20/40. A Snellen equivalent BCVA score of !20/40 is gen-
erally considered a clinically relevant outcome, because it is suf-
ficient to support reading and is a minimum visual acuity require-
ment for driving in the majority of states in the United States.5,13

In patients with BRVO, the percentage of patients with Snellen
equivalent BCVA ! 20/40 at month 12 of HORIZON was 69.7%
(sham/0.5 mg), 65.2% (0.3/0.5 mg), and 61.6% (0.5 mg). In
patients with CRVO, the percentage of patients with Snellen
equivalent BCVA ! 20/40 at month 12 of HORIZON was 33.3%
(sham/0.5 mg), 37.1% (0.3/0.5 mg), and 41.2% (0.5 mg).

Percentage of Patients with Snellen Equivalent BCVA
< 20/200. Snellen equivalent BCVA " 20/200 is a poor visual
outcome and is defined as legal blindness.14 This outcome oc-
curred at month 12 in HORIZON RVO in 3.0% (sham/0.5 mg),

1.5% (0.3/0.5 mg), and 2.7% (0.5 mg) in BRVO patients and in
21.7% (sham/0.5 mg), 17.1% (0.3/0.5 mg), and 5.9% (0.5 mg) in
CRVO patients.

Anatomical Outcomes at Month 12

Changes in CFT. At HORIZON baseline, the mean reduction in
CFT from BRAVO baseline was 307.4 and 360.7 #m in the
0.3/0.5-mg and 0.5-mg ranibizumab groups compared with a re-
duction of 298.5 #m in the sham/0.5-mg group. At month 12 in
HORIZON, the mean reduction from BRAVO baseline was 291.4
and 330.6 in the 0.3/0.5-mg and 0.5-mg treatment groups, and
304.2 in the sham/0.5-mg group (Fig 6A). Mean CFT increases
from HORIZON RVO baseline were minimal in BRVO patients;
the mean changes in CFT were 3.7, 6.3, and 35.3 #m in the
sham/0.5-mg, 0.3/0.5-mg, and 0.5-mg treatment groups, respec-
tively (Fig 6B).

At HORIZON baseline, the mean reduction in CFT from
CRUISE baseline was 459.5 #m and 484.6 #m in the 0.3/0.5-mg
and 0.5-mg treatment groups compared with 481.4 #m in the
sham/0.5-mg group. At month 12 in HORIZON, the mean reduc-
tion from CRUISE baseline was 370.9 and 412.2 in the 0.3/0.5-mg
and 0.5-mg treatment groups and 418.7 in the sham/0.5-mg group
(Fig 7A). However, from HORIZON baseline, mean CFT in-
creased by 79.7, 88.3, and 68.4 #m in the sham/0.5-mg, 0.3/0.5-
mg, and 0.5-mg treatment groups, respectively, at month 12
(Fig 7B).

Residual Edema. In addition to assessing the absolute reduc-
tion in CFT, it is important to determine how much macular edema
a treatment eliminates. One way to assess residual edema is to
determine the percentage of patients with CFT " 250 #m.15 At
month 12 of HORIZON, the percentage of BRVO patients with
CFT " 250 #m was 79.4% (sham/0.5 mg), 78.5% (0.3/0.5 mg),
and 75.0% (0.5 mg). At month 12 of HORIZON, the percentage of
CRVO patients with CFT " 250 #m was 70.2% (sham/0.5 mg),
58.0% (0.3/0.5 mg), and 56.9% (0.5 mg).
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Figure 4. Mean change in visual acuity (VA) up to month 12 of HORIZON in CRUISE patients from (A) CRUISE baseline and (B) HORIZON RVO
baseline. Vertical bars are "1 SEM. *Includes patients with data available at that time point and CRUISE baseline. †Includes patients with data available
at HORIZON baseline and month 12. BCVA # best-corrected visual acuity; CRUISE # Ranibizumab for the Treatment of Macular Edema after Central
Retinal Vein Occlusion Study: Evaluation of Efficacy and Safety; RVO # retinal vein occlusion; SEM # standard error of the mean.
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considered to be nonresponders. In a prespecified analysis of
proportions of patients who gained 15 letters or more at week 52,
the missing values were imputed by the last-observation-carried-
forward method. Between-group differences in the proportion of
patients who gained 15 letters or more were evaluated with
a 2-sided Cochran-Mantel-Haenszel test.

Continuous variables were analyzed with an analysis of
covariance, except for BCVA, which was assessed using an
analysis of variance. The last-observation-carried-forward approach
was used to impute missing values. For sensitivity, additional
analyses were performed using observed values at week 52. The
proportion of patients with neovascularization by week 52 was
analyzed using a Cochran-Mantel-Haenszel test. Safety from
baseline to week 24 was analyzed in the safety analysis set, which
included all randomized patients who received any study treatment.
Safety from weeks 24 to 52 was analyzed in week 24 completers
within the safety analysis set.

Results

Of 240 patients screened, 106 patients were randomized to the
IVT-AFL 2Q4 þ PRN group, and 71 patients were randomized to
the sham group. A total of 104 (98.1%) patients in the IVT-AFL
2Q4 þ PRN group and 68 (95.8%) patients in the sham group
were treated in the study and were included in the safety analysis
set. One patient did not have any postbaseline BCVA value, and
therefore was excluded from the FAS. Thus, the FAS included 103
patients in the IVT-AFL 2Q4 þ PRN group and 68 patients in the
sham group. Overall, 15 (14.2%) patients in the IVT-AFL 2Q4 þ
PRN group and 19 (26.8%) patients in the sham group dis-
continued the study before week 52. Major reasons for discontin-
uation in the IVT-AFL 2Q4 þ PRN group were protocol violation
(5 patients [4.7%]), withdrawal of consent (4 patients [3.8%]), and
adverse events (4 patients [3.8%]). Major reasons for discontinu-
ation in the sham group were lack of efficacy (6 patients [8.5%]),
withdrawal of consent (6 patients [8.5%]), and adverse events (4
patients [5.6%]). No patient in the IVT-AFL 2Q4 þ PRN group
discontinued the study treatment because of a lack of efficacy.

Demographics and baseline disease characteristics of patients
were similar in both treatment groups.9 Approximately half of
patients had CRVO for less than 2 months (53.4% in the IVT-
AFL 2Q4 þ PRN group and 51.5% in the sham group, FAS).
Most patients had a perfused retina (86.4% in the IVT-AFL 2Q4 þ
PRN group and 79.4% in the sham group) and a baseline BCVA of
35 letters or better (>20/200; 83.5% in the IVT-AFL 2Q4 þ PRN
group and 82.4% in the sham group).9

Visual Outcomes
At week 24, the proportion of patients who gained 15 letters or
more in BCVA was 60.2% and 22.1% in the IVT-AFL 2Q4 and
sham groups, respectively (patients who discontinued before week
24 were considered to be nonresponders; P< 0.0001).9 At week
52, the proportion of patients who gained 15 letters or more in
BCVA was 60.2% in the IVT-AFL 2Q4 þ PRN group versus
32.4% in the sham group (last observation carried forward; Fig
2A). More patients in the sham group had 15 letters or more of
improvement in BCVA at week 52 compared with week 24
(32.4% vs. 22.1%, respectively). At week 52, patients treated
with IVT-AFL 2Q4 þ PRN maintained the improvements in
BCVA achieved at week 24.

The proportion of patients who gained 10 or more letters and 30
or more letters or those who lost more than 0, more than 10, and
more than 15 letters at week 52 are shown in Table 1. Overall,
higher proportions of sham patients lost more than 0, more than

10, and more than 15 letters compared with patients treated with
IVT-AFL 2Q4 þ PRN at week 52 (Table 1).

The mean change from baseline BCVA in the IVT-AFL 2Q4 þ
PRN and sham groups was 18.0 versus 3.3 letters at week 24 and
16.9 versus 3.8 letters at week 52 (P< 0.0001 for both; Fig 2B).
When stratified by the baseline retinal perfusion status, patients
treated with IVT-AFL 2Q4 þ PRN had a similar mean " stan-
dard deviation (SD) change from baseline BCVA in the perfused
and nonperfused subgroups (þ16.8"14.7 letters vs. þ17.4"16.1

Figure 2. Graphs showing visual outcomes during the 52 weeks of the
study: (A) percentage of patients who gained 15 letters or more at week 52,
(B) mean change from baseline best-corrected visual acuity (BCVA), and
(C) mean change from baseline BCVA by the status of retinal perfusion at
baseline. Treatment frequency with intravitreal aflibercept (IVT-AFL) was
every 4 weeks (2Q4) and pro re nata (PRN; as needed), respectively, before
and after week 24. aP ¼ 0.0004 vs. sham; bP< 0.0001 vs. sham; cP< 0.001
vs. sham. ETDRS ¼ Early Treatment Diabetic Retinopathy Study.

Ophthalmology Volume 121, Number 1, January 2014

204

Ophthalmology. 2014 Jan;121(1):202–8

constant region (Fc) of human immunoglobulin G that binds
to multiple VEGF-A isoforms with a higher affinity than
ranibizumab and bevacizumab.10 Studies of intravitreal
aflibercept injections in patients with neovascular age-
related macular degeneration (AMD) demonstrate that afli-
bercept given monthly for 3 initial administrations and then
once every 2 months improves visual and anatomic
outcomes as effectively and safely as monthly ranibizumab
over a 1-year period.11 The efficacy and safety of intravitreal
aflibercept for the treatment of macular edema secondary to
CRVO was investigated in 2 parallel trials performed in
Europe and in the Asia Pacific region (GALILEO) and in
the United States (COPERNICUS).5,7,9 The primary effi-
cacy end point of the GALILEO study was at week 24 and
was published previously.9 Herein, we report the 52-week
results of the GALILEO study.

Methods

Study Design
The GALILEO study is an 18-month, randomized, double-masked,
phase 3 study comparing the efficacy and safety of intravitreal
aflibercept with sham for the treatment of macular edema
secondary to CRVO. The study protocol was approved by the
institutional review board or ethics committee at each site. All
patients signed a written consent form before initiation of the
study-specific procedures. The study was registered with Clini-
calTrials.gov (identifier no. NCT01012973) and was conducted
across 63 sites in Europe and the Asia Pacific region in compliance
with ethical guidelines from the Declaration of Helsinki and
International Conference on Harmonization. Data for this 52-week
report were collected between October 2009 and July 2011.

The design and eligibility criteria for the GALILEO study have
been described previously.9 Only 1 eye from each patient was
included in the study. Patients were randomized in a 3:2 ratio to
receive 2 mg intravitreal aflibercept (IVT-AFL 2Q4) or sham
injections in the study eye once every 4 weeks for 20 weeks, for
a total of 6 doses (Fig 1). From weeks 24 to 52, patients in the
aflibercept group were evaluated monthly and received
aflibercept as needed (pro re nata [PRN]; IVT-AFL 2Q4 þ PRN)
if they had more than a 50-mm increase in central retinal thickness
(CRT) compared with the lowest previous measurement, new or
persistent cystic changes within the neurosensory retina or sub-
retinal fluid, persistent diffuse edema of 250 mm or more in the
central subfield, loss of 5 letters or more from the best prior
measurement in conjunction with any increase in CRT, or an
increase of 5 letters or more in best-corrected visual acuity (BCVA)
from the most recent visit, potentially suggesting further
improvements on a subsequent injection. If none of the retreatment
criteria were met, patients received a sham injection to maintain
masking. Patients in the sham group continued to receive sham
injections at all visits through week 52. All patients were eligible to
receive panretinal laser photocoagulation at any time during the
study if they progressed to neovascularization of the anterior
segment, optic disc, or elsewhere in fundus. Given that there was
no approved treatment for CRVO when the GALILEO study was
designed, no other rescue treatment was prespecified. The GALI-
LEO study design included a full year of treatment with sham
based on the request from health authorities. However, considering
this long duration of sham treatment, the visual acuity and other
ocular findings were monitored carefully by a team of masked
medical reviewers. If, at any time, this review team had the
impression that a patient may not benefit from further study

participation or would be treated more adequately outside the
study, the investigator was queried and asked to provide a reas-
sessment of the patient. Investigators then used their medical
judgment ultimately to determine whether it would still be
beneficial for the patient to continue the study.

Outcome Measures
The primary efficacy end point of the GALILEO study was the
proportion of patients achieving a gain of 15 letters or more in
BCVA from baseline to week 24, which was published previ-
ously.9 Herein, we report the 52-week results of the GALILEO
study. Efficacy end points at week 52 all were exploratory and
included the proportion of patients who gained 15 letters or more in
BCVA; mean change from baseline BCVA and CRT; proportion of
patients progressing to neovascularization of the anterior segment,
optic disc, or elsewhere in the fundus; and change from baseline
in the mean 25-item National Eye Institute Visual Function
Questionnaire total and subscale (distance activities, near activities,
and vision dependency) scores.

The efficacy and safety end points were assessed as described
previously.9 The BCVA and CRT were assessed at baseline and
every 4 weeks afterward to week 52. Fundus photography and
fluorescein angiography were performed at screening (days "21
to "1) and weeks 12, 24, 36, and 52. Retinal perfusion status
was determined by fluorescein angiography. Perfused and
nonperfused retinas were defined as those with less than 10 disc
areas and 10 disc areas or more, respectively, of capillary
nonperfusion on fluorescein angiography. Vision-related quality
of life was assessed at baseline and weeks 24 and 52 using the 25-
item National Eye Institute Visual Function Questionnaire, which
was administered by masked site personnel before intravitreal
injections.

Statistical Analyses
The efficacy end points were analyzed in the full analysis set
(FAS), which included all randomized patients who received any
study treatment and had a baseline and at least 1 postbaseline
BCVA assessment. In a prespecified analysis of proportions of
patients who gained 15 letters or more at week 24 (the primary
efficacy end point), patients who discontinued before week 24 were

Figure 1. Diagram showing the GALILEO study design. BCVA ¼ best-
corrected visual acuity; CRT ¼ central retinal thickness; CRVO ¼
central retinal vein occlusion; IVT-AFL ¼ intravitreal aflibercept; PRN ¼
pro re nata (as needed); PRP ¼ panretinal photocoagulation; 2Q4 ¼ every
4 weeks.
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considered to be nonresponders. In a prespecified analysis of
proportions of patients who gained 15 letters or more at week 52,
the missing values were imputed by the last-observation-carried-
forward method. Between-group differences in the proportion of
patients who gained 15 letters or more were evaluated with
a 2-sided Cochran-Mantel-Haenszel test.

Continuous variables were analyzed with an analysis of
covariance, except for BCVA, which was assessed using an
analysis of variance. The last-observation-carried-forward approach
was used to impute missing values. For sensitivity, additional
analyses were performed using observed values at week 52. The
proportion of patients with neovascularization by week 52 was
analyzed using a Cochran-Mantel-Haenszel test. Safety from
baseline to week 24 was analyzed in the safety analysis set, which
included all randomized patients who received any study treatment.
Safety from weeks 24 to 52 was analyzed in week 24 completers
within the safety analysis set.

Results

Of 240 patients screened, 106 patients were randomized to the
IVT-AFL 2Q4 þ PRN group, and 71 patients were randomized to
the sham group. A total of 104 (98.1%) patients in the IVT-AFL
2Q4 þ PRN group and 68 (95.8%) patients in the sham group
were treated in the study and were included in the safety analysis
set. One patient did not have any postbaseline BCVA value, and
therefore was excluded from the FAS. Thus, the FAS included 103
patients in the IVT-AFL 2Q4 þ PRN group and 68 patients in the
sham group. Overall, 15 (14.2%) patients in the IVT-AFL 2Q4 þ
PRN group and 19 (26.8%) patients in the sham group dis-
continued the study before week 52. Major reasons for discontin-
uation in the IVT-AFL 2Q4 þ PRN group were protocol violation
(5 patients [4.7%]), withdrawal of consent (4 patients [3.8%]), and
adverse events (4 patients [3.8%]). Major reasons for discontinu-
ation in the sham group were lack of efficacy (6 patients [8.5%]),
withdrawal of consent (6 patients [8.5%]), and adverse events (4
patients [5.6%]). No patient in the IVT-AFL 2Q4 þ PRN group
discontinued the study treatment because of a lack of efficacy.

Demographics and baseline disease characteristics of patients
were similar in both treatment groups.9 Approximately half of
patients had CRVO for less than 2 months (53.4% in the IVT-
AFL 2Q4 þ PRN group and 51.5% in the sham group, FAS).
Most patients had a perfused retina (86.4% in the IVT-AFL 2Q4 þ
PRN group and 79.4% in the sham group) and a baseline BCVA of
35 letters or better (>20/200; 83.5% in the IVT-AFL 2Q4 þ PRN
group and 82.4% in the sham group).9

Visual Outcomes
At week 24, the proportion of patients who gained 15 letters or
more in BCVA was 60.2% and 22.1% in the IVT-AFL 2Q4 and
sham groups, respectively (patients who discontinued before week
24 were considered to be nonresponders; P< 0.0001).9 At week
52, the proportion of patients who gained 15 letters or more in
BCVA was 60.2% in the IVT-AFL 2Q4 þ PRN group versus
32.4% in the sham group (last observation carried forward; Fig
2A). More patients in the sham group had 15 letters or more of
improvement in BCVA at week 52 compared with week 24
(32.4% vs. 22.1%, respectively). At week 52, patients treated
with IVT-AFL 2Q4 þ PRN maintained the improvements in
BCVA achieved at week 24.

The proportion of patients who gained 10 or more letters and 30
or more letters or those who lost more than 0, more than 10, and
more than 15 letters at week 52 are shown in Table 1. Overall,
higher proportions of sham patients lost more than 0, more than

10, and more than 15 letters compared with patients treated with
IVT-AFL 2Q4 þ PRN at week 52 (Table 1).

The mean change from baseline BCVA in the IVT-AFL 2Q4 þ
PRN and sham groups was 18.0 versus 3.3 letters at week 24 and
16.9 versus 3.8 letters at week 52 (P< 0.0001 for both; Fig 2B).
When stratified by the baseline retinal perfusion status, patients
treated with IVT-AFL 2Q4 þ PRN had a similar mean " stan-
dard deviation (SD) change from baseline BCVA in the perfused
and nonperfused subgroups (þ16.8"14.7 letters vs. þ17.4"16.1

Figure 2. Graphs showing visual outcomes during the 52 weeks of the
study: (A) percentage of patients who gained 15 letters or more at week 52,
(B) mean change from baseline best-corrected visual acuity (BCVA), and
(C) mean change from baseline BCVA by the status of retinal perfusion at
baseline. Treatment frequency with intravitreal aflibercept (IVT-AFL) was
every 4 weeks (2Q4) and pro re nata (PRN; as needed), respectively, before
and after week 24. aP ¼ 0.0004 vs. sham; bP< 0.0001 vs. sham; cP< 0.001
vs. sham. ETDRS ¼ Early Treatment Diabetic Retinopathy Study.
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and clinical benefit of treating patients monthly with ranibi-
zumab (Lucentis; Genentech/Roche, South San Francisco,
CA), a 50-kD Fab fragment that binds all isoforms of
VEGF-A.11 Two randomized clinical trials also demon-
strated a benefit with the use of intravitreal steroids: triam-
cinolone acetonide (Trivaris; Allergan, Irvine, CA)13 and
the dexamethasone intraocular implant (Ozurdex; Aller-
gan),12 showing improved visual acuity and decreased mac-
ular thickening compared with control treatment at various
time points.

Vascular endothelial growth factor Trap-Eye (aflibercept
injection; Regeneron Pharmaceuticals, Tarrytown, NY) is a
115-kD decoy receptor fusion protein comprising the sec-
ond domain of human VEGF receptor 1 and the third
domain of VEGF receptor 2 fused to the Fc domain of
human immunoglobulin G1.15 Its binding affinity for VEGF
is substantially greater than that of either bevacizumab or
ranibizumab,16 leading to a mathematical model predicting
that it could have a substantially longer duration of action in
the eye17 and allowing for less frequent dosing, as supported
by early clinical trials.18 These phase 2 studies in wet
age-related macular degeneration (AMD) patients have
shown that the 2-mg dose administered monthly generally is
well tolerated, and higher doses did not seem to improve the
visual acuity results further.18,19 Phase 3 results of VEGF
Trap-Eye efficacy and safety in wet AMD recently have
been reported (Nguyen QD, Heier J, Brown D, et al. Ran-
domized, double-masked, active controlled phase 3 trial of
the efficacy and safety of intravitreal VEGF Trap-Eye in
wet AMD: 1-year results of the VIEW-1 study. Invest
Ophthalmol Vis Sci 2011;52:E-Abstract 3073; Schmidt-
Erfurth U, Chong V, Kirchhof B, et al. Primary results of an
international phase III study using intravitreal VEGF Trap-
Eye compared to ranibizumab in patients with AMD
(VIEW-2). Invest Ophthalmol Vis Sci 2011;52:E-Abstract

1650). The study reported herein describes the results of a
randomized, prospective clinical trial of monthly injections
of intravitreal VEGF Trap-Eye for the treatment of macular
edema resulting from CRVO.

Patients and Methods

Study Design
The primary objective of the study was to compare the efficacy of
intravitreal VEGF Trap-Eye with the standard of care (observation
[sham injection]) in improving best-corrected visual acuity
(BCVA) in eyes with macular edema secondary to CRVO. Key
secondary objectives were to assess safety and tolerability and the
effects on central retinal thickness (CRT) of intravitreal VEGF
Trap-Eye compared with the standard of care.

The COPERNICUS (Vascular Endothelial Growth Factor
[VEGF] Trap-Eye: Investigation of Efficacy and Safety in Central
Retinal Vein Occlusion [CRVO]) is an ongoing 2-year, phase 3,
prospective, randomized, double-masked study conducted at 70
sites in the United States, Canada, India, Israel, Argentina, and
Colombia. This study began after all criteria for enrollment were
met and patients were followed up for a total of 2 years (Fig 1). At
baseline, patients were assigned randomly in a 3:2 ratio to receive
VEGF Trap-Eye 2 mg or sham injections every 4 weeks for 24
weeks, for a total of 6 monthly doses of VEGF Trap-Eye or sham
injection. Between weeks 24 and 52, patients in both groups were
evaluated monthly and were reinjected with VEGF Trap-Eye if
they met protocol-specified retreatment criteria or received a sham
injection if retreatment was not indicated. After the first year of
masked dosing, patients continued in a 1-year extension phase with
as needed (pro re nata) dosing. Data for this 24-week report were
obtained between July 2009 and October 2010.

Randomization was stratified using a centralized interactive
voice randomization system, by geographic region (North America
vs. the rest of the world), and by using a baseline BCVA score
(!20/200 [35 to 73 letters] and !20/200 [34 to 24 letters]). One

Pa!ents randomized 
3:2 

 

Treatment to Week 24  
(primary endpoint) 

 

Randomized, mul!center, double-masked trial in all treatment naïve pa!ents with 
macular edema secondary to CRVO 

Primary endpoint:  
Propor!on of 3-line gainers 

Key secondary endpoint:  
Change in central re!nal thickness 

Con!nued treatment to 1 year 

Sham 
 

2mg q4wks 
 

Figure 1. Diagram showing study design. Eligible eyes were randomized 3:2 to receive a monthly injection of vascular endothelial growth factor Trap-Eye
2 mg or a sham injection for 24 weeks. Between weeks 24 and 52, masking was maintained and all eyes were dosed on an as-needed basis according to
predetermined criteria. The primary end point was proportion of eyes with a gain of 15 letters or more in best-corrected visual acuity from baseline, and
secondary end points were assessed at week 24. CRVO " central retinal vein occlusion; q4wks " every 4 weeks.
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were similar in both treatment groups (413.0 mm for IAI
2Q4 þ PRN vs 381.8 mm for sham þ IAI PRN).

During the first 52 weeks, no eyes in the IAI 2Q4 þ
PRN group developed any neovascularization compared
with 5 eyes (6.8%, all in the anterior segment) for
the sham þ IAI PRN group (P ¼ .006 by Cochran-

Mantel-Haenszel test). Panretinal photocoagulation was
performed for 4 of the patients (5.5%) in the sham þ
IAI PRN group.

FIGURE 1. Proportion of patients with best-corrected visual
acuity improvement ‡15 letters at weeks 24 and 52 following
intravitreal aflibercept and/or sham injections for the treatment
of macular edema secondary to central retinal vein occlusion.
*P < .001. Missing data were imputed using the last-
observation-carried-forwardmethod.2Q4[2mgevery4weeks;
IAI[ intravitreal aflibercept injection; PRN [ as needed.

FIGURE 2. Mean change from baseline in best-corrected visual
acuity over 52 weeks after intravitreal aflibercept and/or sham
injections for the treatment of macular edema secondary to
central retinal vein occlusion. *P < .001. Missing data were
imputed using the last-observation-carried-forward method.
2Q4 [ 2 mg every 4 weeks; ETDRS [ Early Treatment Dia-
betic Retinopathy Study; IAI [ intravitreal aflibercept injec-
tion; PRN [ as needed.

TABLE 2. Proportions of Patients With Vision Gains and
Losses at Weeks 24 and 52 Following Sham and/or
Intravitreal Aflibercept Injections for the Treatment of

Macular Edema Secondary to Central Retinal Vein Occlusion

Week 24 Week 52

IAI 2Q4 þ
PRN

(n ¼ 114)

Sham þ IAI

PRN

(n ¼ 73)

IAI 2Q4 þ
PRN

(n ¼ 114)

Sham þ IAI

PRN

(n ¼ 73)

Letter gain, n (%)

>_15 lettersa 64 (56.1) 9 (12.3) 63 (55.3) 22 (30.1)

>_10 letters 87 (76.3) 16 (21.9) 88 (77.2) 34 (46.6)

>_5 letters 97 (85.1) 29 (39.7) 93 (81.6) 43 (58.9)

>_0 letters 107 (93.9) 38 (52.1) 105 (92.1) 50 (68.5)

Letter loss, n (%)

>0 letter 7 (6.1) 35 (47.9) 9 (7.9) 23 (31.5)

>_5 letters 5 (4.4) 29 (39.7) 8 (7.0) 17 (23.3)

>_10 letters 2 (1.8) 22 (30.1) 6 (5.3) 13 (17.8)

>_15 letters 2 (1.8) 20 (27.4) 6 (5.3) 11 (15.1)

2Q4 ¼ 2 mg once every 4 weeks; IAI ¼ intravitreal aflibercept

injection; PRN ¼ as needed.
aWeek 24 completers within full analysis set.

Full analysis set unless indicated otherwise.

FIGURE 3. Mean change from baseline in central retinal thick-
ness (CRT) over 52 weeks after intravitreal aflibercept and/or
sham injections for the treatment of macular edema secondary
to central retinal vein occlusion. CRT was measured with
optical coherence tomography. A significant decrease from base-
line in CRTwas observed at week 24 in the IAI group compared
with the sham-treated group (*P < .001). Missing data were
imputed using the last-observation-carried-forward method.
2Q4[ 2mg every 4weeks; IAI[ intravitreal aflibercept injec-
tion; PRN [ as needed.
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was 101.6!6.5 versus 132.7!4.1 days (P < 0.0001) in the IAI and
laser groups, respectively. The proportion of eyes with a vision
gain of "0, "5, "10, and "30 ETDRS letters was significantly
higher in the IAI group compared with the laser group, and a
significantly higher proportion of eyes in the laser group lost >0,
"5, "10, and "15 ETDRS letters compared with eyes in the IAI
group at week 24 (Table 3).

The mean change from baseline BCVA in the IAI group
compared with the laser group was 17.0 versus 6.9 ETDRS letters
(P < 0.0001) at week 24, respectively (Fig 2B). When analyzed by
the baseline retinal perfusion status, the mean change from baseline
BCVA in the IAI and laser groups was 14.3 versus 5.7 ETDRS
letters (P < 0.0001) in the subgroup of eyes considered perfused
and 19.1 versus 11.3 ETDRS letters (P ¼ 0.1008) in the subgroup
of eyes considered nonperfused, respectively. When analyzed by
the baseline BCVA, the mean change from baseline BCVA in the
IAI and laser groups was 15.7 versus 6.9 ETDRS letters (P <
0.0001) in eyes with baseline BCVA of >20/200 and 34.5 versus
7.3 ETDRS letters (P ¼ 0.0168) in eyes with baseline BCVA
of $20/200, respectively.

The mean reduction from baseline CRT in the IAI and laser
groups was 280.5 versus 128.0 mm (P < 0.0001) at week 24,
respectively (Fig 2C). At baseline, 60.4% and 68.9% of patients had
perfused retinas in the IAI and laser groups, respectively. At week
24, the proportion of patients with perfused retinas in the IAI group
increased to 80.2% and the proportion of patients in the laser group

Table 2. Patient Demographics and Baseline Characteristics

Laser
(n [ 90)

IAI
(n [ 91)

Mean age, years (SD) 63.9 (11.4) 67.0 (10.4)
Women, n (%) 36 (40.0) 47 (51.6)
Race, n (%)
White 62 (68.9) 70 (76.9)
Black or African American 11 (12.2) 8 (8.8)
Asian 11 (12.2) 12 (13.2)
Other* 6 (6.7) 1 (1.1)

Geographic region, n (%)
North America 81 (90.0) 80 (87.9)
Japan 9 (10.0) 11 (12.1)

BCVA
Mean, letters (SD) 57.7 (11.3) 58.6 (11.4)
>20/200 (35e73 letters), n (%) 83 (92.2) 85 (93.4)
$20/200 (24e34 letters), n (%) 7 (7.8) 6 (6.6)

Retinal perfusion status, n (%)
Perfusedy 62 (68.9) 55 (60.4)
Nonperfusedz 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
Missing 2 (2.2) 0

Mean central retinal thickness, mm (SD) 553.5 (188.1) 558.9 (185.9)
Mean intraocular pressure, mmHg (SD) 14.9 (3.0) 14.6 (3.1)
Time since BRVO diagnosis
Mean, days (SD) 43.1 (38.8) 42.4 (43.4)
<3 months, n (%) 72 (80.0) 75 (82.4)
"3 months, n (%) 11 (12.2) 7 (7.7)
Missing, n (%) 7 (7.8) 9 (9.9)

NEI VFQ-25 score, mean (SD)
Total 75.6 (16.4) 77.8 (15.4)
Near activities 69.7 (18.4) 70.0 (21.4)
Distance activities 76.3 (20.0) 76.9 (19.8)
Vision dependency 81.9 (24.5) 86.8 (21.6)

BCVA ¼ best-corrected visual acuity; BRVO ¼ branch retinal vein oc-
clusion; IAI ¼ intravitreal aflibercept injection; NEI VFQ-25 ¼ National
Eye Institute 25-item Visual Function Questionnaire; SD ¼ standard
deviation.
Full analysis set.
*Not reported for the laser group and native Hawaiian or other Pacific
Islander for the IAI group.
yFewer than 10 disc areas of retinal nonperfusion.
zTen or more disc areas of retinal nonperfusion.

Figure 2. Visual and anatomic outcomes. The proportion of eyes that
gained"15 letters from baseline to week 24 (A) and the mean change from
baseline in best-corrected visual acuity (BCVA) (B) and central retinal
thickness (C) over 24 weeks are shown. Full analysis set. Missing data
were imputed using the last observation carried forward (LOCF) method.
aP ¼ 0.0003 and bP < 0.0001 versus laser. ETDRS ¼ Early Treatment
Diabetic Retinopathy Study; IAI ¼ intravitreal aflibercept injection.
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Other* 6 (6.7) 1 (1.1)

Geographic region, n (%)
North America 81 (90.0) 80 (87.9)
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Mean, letters (SD) 57.7 (11.3) 58.6 (11.4)
>20/200 (35e73 letters), n (%) 83 (92.2) 85 (93.4)
$20/200 (24e34 letters), n (%) 7 (7.8) 6 (6.6)

Retinal perfusion status, n (%)
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Nonperfusedz 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
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Mean central retinal thickness, mm (SD) 553.5 (188.1) 558.9 (185.9)
Mean intraocular pressure, mmHg (SD) 14.9 (3.0) 14.6 (3.1)
Time since BRVO diagnosis
Mean, days (SD) 43.1 (38.8) 42.4 (43.4)
<3 months, n (%) 72 (80.0) 75 (82.4)
"3 months, n (%) 11 (12.2) 7 (7.7)
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clusion; IAI ¼ intravitreal aflibercept injection; NEI VFQ-25 ¼ National
Eye Institute 25-item Visual Function Questionnaire; SD ¼ standard
deviation.
Full analysis set.
*Not reported for the laser group and native Hawaiian or other Pacific
Islander for the IAI group.
yFewer than 10 disc areas of retinal nonperfusion.
zTen or more disc areas of retinal nonperfusion.

Figure 2. Visual and anatomic outcomes. The proportion of eyes that
gained"15 letters from baseline to week 24 (A) and the mean change from
baseline in best-corrected visual acuity (BCVA) (B) and central retinal
thickness (C) over 24 weeks are shown. Full analysis set. Missing data
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Qui traiter ?

Indications

OBVR = 
OVCR ?

Reconnaitre 
certaines 

formes 
cliniques

Quand traiter ?

En urgence ?

OM anciens 
?

Quel traitement choisir ?

Anti-VEGF ou 
corticoïdes ? Place du laser ?
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Tous les OM ne sont pas identiques

• OM central = rupture de la barrière hémato-rétinienne

• OM par extension d’un OP = type A

• OM décentré = rechercher TelCaps

• OM par MEM

Type A

Type B

Macroanévrysmes
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A

B

MEM ?
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DISTINGUER CERTAINES FORMES CLINIQUES
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OVCR ≠ OBVR

• Terrain
• Facteurs de risque
• Evolution
– Guérison spontanée
– Risque de GNV

• Hémi-occlusion ≈ OVCR
–Moins de risque de GNV

• 40-50%	de	guérison	de	
l’OM

• Amélioration	>	BAV
• Gain	>	2	lignes	:	1/3	à	¾

• AV	moyenne	:	+1	lettre	
(6m)	à	+15	lettres	(18m)	
voire	+28	lettres	(12-24m)

• 30%	de	guérison	de	l’OM
– Mais	ischémie

• AV	moyenne	
– Ni	:	- 3	lettres	(12m)

– I	:	-15	(6m)	à	-35	l.	(12m)

CVOS	:
• AV	>	5/10	à	3	ans	:

– SI	AVi >	5/10	:	65%

– Si	1/10<AVi<5/10	:	20%

71

M. O, 71 ans

• Antécédents
– HTA traitée
– HTO sous monothérapie (latanoprost)

• Œil gauche : hémi-occlusion inférieure début novembre 2011
– 4 novembre 2011

• 5 à 6/10f   TO=24
• Surveillance

– modification traitement (brimonidine + timolol)
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2 décembre 2011 (+1M) : 4/10, P2
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6 janvier 2012 (+2M) : 5/10f, P2
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17 février 2012 (+3M) : 9/10, P2
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BLANC PÉRI-VEINULAIRE (≈PAMM)
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Pas de diffusion

Œdème papillaire
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28/11/2008 = CLD 31/12/2008 = 0,16
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28/11/2008 = CLD 31/12/2008 = 0,16 16/01/2009 : 0,4f P5
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14/01/2011 : 0.8f, P2

28/11/2008 = CLD 31/12/2008 = 0,16 16/01/2009 : 0,4f P5
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20 avril 2012

BAV OG (2/10 P3)

OVCR OD en 2006 : 1/20

83

11 juin 2012

9/10, P2 !
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TRAITEMENT DE L’ŒDÈME MACULAIRE PAR RUPTURE 
DE LA BARRIERE HÉMATO-RÉTINIENNE

85

Critères d’inclusion des essais : AV

GENEVA
• 34 à 68 lettres ETDRS
• 20/200 à 20/50

CRUISE/BRAVO
• 20/400 (B) - 20/320 (C) à 

20/40

Pas de donnée pour 
AV > 4 – 5 /10
< 1/16 – 1/20

GALILEO/COPERNICUS+VIBRANT

• 24 à 73 lettres ETDRS
• 20/320 à 20/40

BVOS
• AV < 5/10
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54.6 letters (approximate Snellen equivalent 20/80), and mean
baseline CFT was 520.5 !m. Approximately 13% of patients had
a diagnosis of hemiretinal vein occlusion.

Of patients in the 0.3 mg, 0.5 mg, and sham groups, 95.5%,
95.4%, and 93.2%, respectively, completed the study through

month 6. The most common reason for study discontinuation was
a decision made by the patient to do so. All but 2 of the 397
patients received study drug; for those who did, the mean number
of ranibizumab or sham injections received during the 6-month
treatment period was 5.7 and was similar across treatment groups.

Table 2. Patient Demographics and Baseline Ocular Characteristics

Parameter
Sham

(n ! 132)

Ranibizumab

0.3 mg (n ! 134) 0.5 mg (n ! 131)

Age (yrs)
Mean (SD) 65.2 (12.7) 66.6 (11.2) 67.5 (11.8)
Median 64.0 66.5 67.0
Range 26–89 43–90 41–91

Gender, n (%)
Male 74 (56.1) 67 (50.0) 71 (54.2)
Female 58 (43.9) 67 (50.0) 60 (45.8)

Race,* n (%)
White 108 (81.8) 112 (83.6) 107 (81.7)
Black/African American 13 (9.8) 11 (8.2) 13 (9.9)
Other 8 (6.0) 3 (2.2) 5 (3.8)
Unavailable 4 (3.0) 9 (6.7) 6 (4.6)

Study eye characteristics
Months from RVO diagnosis to screening

Mean (SD) 3.7 (3.7) 3.6 (4.1) 3.3 (3.1)
Median 2 2 2
Range 0–16 0–35 0–13

Distribution, n (%)
"3 85 (64.4) 85 (63.4) 88 (67.2)
"3 to "6 17 (12.9) 29 (21.6) 20 (15.3)
"6 to "9 12 (9.1) 9 (6.7) 14 (10.7)
"9 to "12 16 (12.1) 8 (6.0) 7 (5.3)
"12 2 (1.5) 3 (2.2) 2 (1.5)

HRVO classification,† n (%) 17 (13.1) 16 (12.0) 17 (13.2)
BCVA

ETDRS letter score
Mean (SD) 54.7 (12.2) 56.0 (12.1) 53.0 (12.5)
Range 16–73 25–73 22–79

Distribution, n (%)
#34 9 (6.8) 9 (6.7) 13 (9.9)
35–54 50 (37.9) 48 (35.8) 49 (37.4)
#55 73 (55.3) 77 (57.5) 69 (52.7)

Approximate Snellen equivalent, median 20/80 20/63–20/80 20/80
IOP (mmHg),¶ mean (SD) 14.8 (3.0) 15.0 (3.3) 14.9 (3.3)
Taking IOP-lowering medication, n (%) 10 (7.6) 20 (14.9) 16 (12.2)
Phakic eye,** n (%) 93 (78.8) 103 (85.1) 94 (80.3)
Imaging data

CFT(!m), mean (SD) 488.0 (192.2) 522.1 (201.9) 551.7 (223.5)
Total macular volume (mm3),‡ mean (SD) 9.641 (1.831) 9.640 (1.833) 9.839 (2.151)
Total area of retinal hemorrhage, central subfield (DA),

calculated,†† mean (SD)
0.121 (0.137) 0.103 (0.129) 0.117 (0.131)

Area of fluorescein leakage within grid (DA),¶¶ median 7 6 7
"10 DA of capillary nonperfusion (%) 0 0 0

Fellow eye characteristics
Fellow eye BCVA (ETDRS letters), mean (SD) 79.8 (17.4) 79.4 (13.7) 81.4 (13.8)
Fellow eye vision compared with study eye, n (%)

Better 121 (91.7) 118 (88.1) 125 (95.4)
Worse 8 (6.1) 9 (6.7) 4 (3.1)
Same 3 (2.3) 7 (5.2) 2 (1.5)

BCVA ! best-corrected visual acuity; CFT ! central foveal thickness; DA ! disc area; ETDRS ! Early Treatment
Diabetic Retinopathy Study; HRVO ! hemiretinal vein occlusion; IOP ! intraocular pressure; RVO ! retinal vein
occlusion; SD ! standard deviation.
*Multiracial patients were counted in each race category that they indicated. Number of patients in Other category
may be overestimated. Number assessed in sham, 0.3 mg, and 0.5 mg groups was †130, 133, and 129; ¶131, 134,
130; **118, 121, and 117; ‡81, 96, and 85; ††129, 132, and 131; ¶¶131, 133, 130.

Campochiaro et al ! Ranibizumab for Macular Edema after BRVO
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ranibizumab-treated patients lost !15 letters compared with the sham
group (P!0.005 for each ranibizumab group vs. sham).

Percentage of Patients with Snellen Equivalent Best-
Corrected Visual Acuity of >20/40. A Snellen equivalent of
!20/40 is generally sufficient to support reading and driving and
is considered an excellent outcome. The percentage of patients

who obtained this outcome at month 6 was 43.9% in the 0.3 mg
group and 46.9% in the 0.5 mg group compared with 20.8% in the
sham group (P!0.0001 for each ranibizumab group vs. sham)
(Table 5).

Percentage of Patients with Snellen Equivalent Best-
Corrected Visual Acuity of < 20/200. Snellen equivalent BCVA

Table 2. Patient Demographics and Baseline Ocular Characteristics

Sham (n ! 130)

Ranibizumab

0.3 mg (n " 132) 0.5 mg (n " 130)

Age (yrs)
Mean (SD) 65.4 (13.1) 69.7 (11.6) 67.6 (12.4)
Median 66 71 70
Range 20–91 38–90 40–91

Gender, n (%)
Male 72 (55.4) 71 (53.8) 80 (61.5)
Female 58 (44.6) 61 (46.2) 50 (38.5)

Race,* n (%)
White 113 (86.9) 108 (81.8) 108 (83.1)
Black/African American 8 (6.2) 16 (12.1) 10 (7.7)
Other 7 (5.4) 3 (2.3) 7 (5.4)
Unavailable 3 (2.3) 5 (3.8) 5 (3.8)

Study Eye Characteristics
Months from RVO diagnosis to screening

Mean (SD) 2.9 (2.9) 3.6 (3.2) 3.3 (3.7)
Median 2 2 2
Range 0–14 0–12 0–27
Distribution, n (%)

"3 91 (70.0) 87 (65.9) 94 (72.3)
#3 to " 6 27 (20.8) 18 (13.6) 17 (13.1)
#6 to " 9 4 (3.1) 16 (12.1) 10 (7.7)
#9 to " 12 7 (5.4) 11 (8.3) 6 (4.6)
#12 1 (0.8) 0 3 (2.3)

BCVA
ETDRS letter score

Mean (SD) 49.2 (14.7) 47.4 (14.8) 48.1 (14.6)
Range 16–71 9–72 21–73
Distribution, n (%) —

!34 26 (20.0) 33 (25.0) 30 (23.1)
35–54 49 (37.7) 46 (34.8) 50 (38.5)
!55 55 (42.3) 53 (40.2) 50 (38.5)

Approximate Snellen equivalent, median 20/100 20/100 20/100
IOP (mmHg), mean (SD) 15.1 (3.1) 14.9 (3.3) 15.1 (3.4)
IOP-lowering medication, n (%) 13 (10.0) 18 (13.6) 22 (16.9)
Phakic eye,† n (%) 88 (80.7) 84 (75.0) 83 (72.8)
Imaging Data

CFT (#m),‡ mean (SD) 687.0 (237.6) 679.9 (242.4) 688.7 (253.1)
Total macular volume (mm3),§ mean (SD) 10.700 (2.303) 10.748 (2.380) 10.308 (2.033)
Total area of retinal hemorrhage, central subfield

(DA), calculated,! mean (SD)
0.080 (0.113) 0.093 (0.117) 0.093 (0.117)

Area of fluorescein leakage within grid (DA),¶
median

15 15 14

#10 DA of capillary nonperfusion** (%) 0 0 2
Fellow Eye Characteristics

Fellow eye BCVA (ETDRS letters), mean (SD) 78.9 (18.6) 80.0 (12.5) 78.8 (17.4)
Fellow eye vision compared with study eye, n (%)

Better 117 (90.0) 123 (93.2) 120 (92.3)
Worse 8 (6.2) 3 (2.3) 7 (5.4)
Same 5 (3.8) 6 (4.5) 3 (2.3)

BCVA " best-corrected visual acuity; CFT " central foveal thickness; DA " disc area; ETDRS " Early Treatment
Diabetic Retinopathy Study; IOP " intraocular pressure; RVO " retinal vein occlusion; SD " standard deviation.
*Multiracial patients were counted in each race category that they indicated. No. of patients in Other category may
be overestimated. No. assessed in sham, 0.3 mg, and 0.5 mg groups was †109, 112, and 114; ‡129, 131, and 130; §86,
93, and 74; !128, 125, and 126; ¶128, 130, and 129; **112, 113, and 109, respectively.

Brown et al ! Ranibizumab in CRVO
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(proportion of eyes achieving at least 15 letters of improvement
from baseline BCVA) at day 180 (P ! 0.087 for DEX implant 0.7
mg vs. sham), although the difference between the DEX implant
0.7-mg group and sham groups was statistically significant on days
30 to 90 (P!0.039).The second study did meet its primary end
point (time to 15-letter gain; P"0.001 for DEX implant 0.7 mg vs.
sham).

The proportion of eyes achieving at least 10, 11, 12, 13, or 14
letters of improvement from baseline BCVA (Table 2) was signif-
icantly greater in both DEX implant groups than in the sham group
at days 30, 60, and 90 (P"0.001). At day 180, the percentage of
eyes achieving at least 10, 12, 13, or 14 letters of improvement was
still significantly greater in the DEX implant 0.7-mg group than in
the sham group (P!0.040), but the difference between the DEX

implant 0.35-mg group and the sham group was no longer statis-
tically significant. Throughout the study, eyes treated with DEX
implant were less likely than sham-treated eyes to experience a
decrease in vision of "15 letters (Fig 5).

The mean increase from baseline visual acuity was significantly
greater in both DEX implant treatment groups than in the sham
group from day 30 to day 180 (P!0.006; Fig 6), with the greatest
between-group difference (#7 letters) at day 60. There were no
statistically significant differences between the DEX implant
0.7-mg and 0.35-mg treatment groups at any follow-up visit.

Retinal Thickness. The mean decrease in central subfield
retinal thickness was significantly greater with DEX implant 0.7
mg (208$201 #m) and 0.35 mg (177$197 #m) than with sham
treatment (85$173 #m; P"0.001) at day 90 but not at day 180

Table 1. Demographic and Baseline Characteristics

Characteristic DEX Implant 0.7 mg (n ! 427)
DEX Implant 0.35 mg

(n ! 414) Sham (n ! 426)
Among-Group

P Value*

Age (yrs) 0.453
Mean (range) 64.7 (33–90) 64.9 (31–96) 63.9 (31–91)

Gender 0.268
Male 217 (50.8%) 220 (53.1%) 240 (56.3%)
Female 210 (49.2%) 194 (46.9%) 186 (43.7%)

Race 0.970†

Caucasian 321 (75.2%) 312 (75.4%) 318 (74.6%)
Black 15 (3.5%) 14 (3.4%) 20 (4.7%)
Asian (excluding Japanese) 38 (8.9%) 36 (8.7%) 44 (10.3%)
Japanese 0 (0.0%) 2 (0.5%) 1 (0.2%)
Hispanic 37 (8.7%) 29 (7.0%) 25 (5.9%)
Other 16 (3.7%) 21 (5.1%) 18 (4.2%)

Iris color 0.195
Dark 241 (56.4%) 244 (58.9%) 265 (62.5%)
Light 186 (43.6%) 170 (41.1%) 159 (37.5%)

Diagnosis in study eye 0.264
BRVO 291 (68.1%) 260 (62.8%) 279 (65.5%)
CRVO 136 (31.9%) 154 (37.2%) 147 (34.5%)

Duration of macular edema 0.923
Mean duration (range) 157.6 (19–374) 153.0 (49–944) 156.1 (19–374) 0.673
"90 days 70 (16.4%) 76 (18.1%) 65 (15.3%)
90–179 days 219 (51.3%) 218 (52.7%) 220 (51.6%)
180–269 days 93 (21.8%) 89 (21.5%) 99 (23.2%)
"270 days 45 (10.5%) 32 (7.7%) 42 (9.9%)

Mean baseline visual acuity, letters $ SD
(Snellen equivalent)

54.3$9.93 (20/80) 53.9$10.41 (20/80) 54.8$9.86 (20/80) NS

Mean baseline retinal thickness
(#m$SD)

562$188 555$204 539$186 NS

Prior laser photocoagulation 41 (10%) 44 (11%) 40 (9%) 0.814
BRVO 37 (90%) 40 (91%) 36 (90%)
CRVO 4 (10%) 4 (9%) 4 (10%)

Other procedures for RVO
Hemodilution 1 (0.2%) 1 (0.2%) 2 (0.5%)
Intraocular injection 0 1 (0.2%) 1 (0.2%)

Lens status‡ 0.208
Phakic 373 (88%) 362 (87%) 387 (91%)
Pseudophakic 53 (12%) 52 (13%) 39 (9%)

Diabetes mellitus 64 (15%) 57 (14%) 63 (15%) 0.866
Hypertension 264 (62%) 264 (64%) 273 (64%) 0.761
Coronary artery disease 55 (13%) 49 (12%) 38 (9%) 0.165
IOP-lowering medication use at baseline 27 (6%) 24 (6%) 16 (4%) 0.210

BRVO ! branch retinal vein occlusion; CRVO ! central retinal vein occlusion; DEX implant ! dexamethasone intravitreal implant (OZURDEX,
Allergan Inc., Irvine, CA); IOP ! intraocular pressure; NS ! not significant; RVO ! retinal vein occlusion; SD ! standard deviation.
*P values were based on analysis of variance for age and the Pearson chi-square test for other variables.
†Caucasian versus non-Caucasian.
‡Based on biomicroscopic data at baseline.

Haller et al ! Novel Dexamethasone Drug Delivery System in Treatment of RVO
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Acuité visuelle moyenne

2 à 2,5/10

COPERNICUS GALILEO

and was administered by masked site personnel before intrav-
itreal injection.

Starting at week 24, eyes were assessed for retreatment and
received an injection of VEGF Trap-Eye if any of the following
retreatment criteria were met: a more than 50-!m increase in CRT
on OCT, new or persistent cystic retinal changes of subretinal fluid on
OCT or persistent diffuse edema of 250 !m or more in the central
subfield on OCT, a decrease of visual acuity between the current and
most recent visit of 5 letters or more. If none of the retreatment criteria
were met, eyes received a sham injection.

Safety assessments included ocular AEs in the study and fellow
eye, nonocular AEs, ocular and nonocular serious AE (SAEs), AEs
of interest, laboratory assessments, vital signs, and measurement of
antidrug antibody in serum.

Statistical Analyses
The sample size calculation was based on the assumptions that the
difference in the proportion of eyes gaining at least 15 letters of
vision at week 24 would be 25% (15% in the sham group9 and
40% in the VEGF group20), and the dropout rate would be 9%.
With these assumptions, a total sample size of 165 eyes (99 in the
VEGF group and 66 in the sham group) was required to detect this
difference in the primary analysis with 90% power at a 5%
significance level using a 2-sided Fisher exact test.

Primary efficacy analyses were conducted in the full-analysis set,
which included all randomized patients who received any study
medication and had a baseline efficacy assessment and at least 1
efficacy assessment after baseline. In the primary analysis of the
primary end point, patients who discontinued prematurely (before
week 24) and had fewer than 5 injections of VEGF Trap-Eye or sham
were evaluated as nonresponders; otherwise, missing values were
imputed using last observation carried forward analyses. Pure last
observation carried forward analyses were performed as a sensitivity
analysis. Proportions of 15-letter gainers were compared with a
2-sided Cochran-Mantel-Haenszel test, stratified for region and base-
line BCVA. Secondary end point analyses were performed sequen-
tially according to the order in which the variables were defined to
preserve an " of 0.05. The hypothesis was tested only if all the
previous null hypotheses in the sequence could be rejected. The
sequence of analysis was as follows: (1) change from baseline in
BCVA score at week 24; (2) change from baseline in CRT at week
24; (3) proportion of subjects progressing to anterior segment neo-
vascularization, neovascularization of the optic disc, or neovascular-
ization of the retina elsewhere at week 24; and (4) change from
baseline in the National Eye Institute 25-item Visual Function Ques-
tionnaire total score at week 24. Proportions were analyzed with the
Cochran-Mantel-Haenszel test, and continuous variables were ana-
lyzed with an analysis of covariance main effects model with treat-
ment group, region, and baseline BCVA as fixed factors and the

Table 2. Baseline Demographic and Clinical Characteristics

Characteristic
Control

(Sham; n ! 73)

Vascular
Endothelial

Growth Factor
Trap-Eye 2 mg

(n ! 114)
Total

(n ! 187)

Mean age (SD), yrs 67.5 (14.3) 65.5 (13.6) 66.3 (13.9)
Gender (%M:%F) 52:48 61:39 57:43
Race, n (%)

White 59 (80.8%) 88 (77.2%) 147 (78.6%)
Black 5 (6.8%) 5 (4.4%) 10 (5.3%)
Asian 2 (2.7%) 7 (6.1%) 9 (4.8%)
American Indian/Alaska native 0 2 (1.8%) 2 (1.1%)
Native Hawaiian/Pacific Islander 1 (1.4%) 0 1 (0.5%)
Not reported/multiracial 6 (8.2%) 12 (10.5%) 18 (9.6%)

BCVA !20/200, n(%) 55 (75.3%) 86 (75.4%) 141 (75.4%)
BCVA #20/200, n(%) 18 (24.7%) 28 (24.6%) 46 (24.6%)
Mean central retinal thickness (SD), !m 672.4 (245.3) 661.7 (237.4) 665.8 (239.8)
Mean visual acuity (ETDRS) 48.9 (14.4) 50.7 (13.9) 50.0 (14.1)
Retinal perfusion status, n (%)

Perfused* 50 (68.5%) 77 (67.5%) 127 (67.9%)
Nonperfused 12 (16.4%) 17 (14.9%) 29 (15.5%)
Indeterminate 11 (15.1%) 20 (17.5%) 31 (16.6%)

Mean intraocular pressure (mmHg) 15.0 (2.81) 15.1 (3.26) 15.1 (3.08)
Mean time since CRVO diagnosis (mos) 1.88 (2.19) 2.73 (3.09) 2.40 (2.80)
CRVO diagnosis time (mos), n (%)

#2 52 (71.2%) 64 (56.1%) 116 (62.0%)
!2 21 (28.8%) 49 (43.0%) 70 (37.4%)

Mean NEI VFQ-25 scores (SD)
Total 77.78 (16.25) 77.67 (15.96) 77.71 (16.03)
Near activities 70.72 (20.22) 69.96 (21.94) 70.25 (21.23)
Distance activities 78.08 (21.25) 75.99 (21.26) 76.80 (21.22)
Vision dependency 82.76 (27.41) 83.26 (25.51) 83.07 (26.20)

BCVA " best-corrected visual acuity; CRVO " central retinal vein occlusion; ETDRS " Early Treatment
Diabetic Retinopathy Study; F " female; M " male; NEI VFQ-25 " National Eye Institute 25-item Visual
Function Questionnaire; SD " standard deviation.
*Less than 10 disc areas of nonperfusion.

Boyer et al ! VEGF Trap-Eye for CRVO
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region and baseline BCVA as fixed factors. A descriptive, post
hoc analysis using a double-sided Fisher test was conducted to
evaluate the between-group differences in the proportion of
patients losing ≥1 and ≥10 letters.

RESULTS
Patient disposition, demographics and disease
characteristics
A total of 240 patients were screened, 177 patients were rando-
mised and 172 patients were included in the safety analysis set
(table 1). One patient did not have any postbaseline BCVA assess-
ment. Therefore, the full analysis set comprised 171 patients
(table 1). Overall, 86.4% of VTE2Q4 patients and 79.4% of
sham patients had a perfused retinal occlusion (table 2).

Visual outcomes
Significantly more VTE2Q4-treated patients gained ≥15 letters
by week 24 than those receiving sham injections (60.2% vs
22.1%, p<0.0001) with a CMH-adjusted difference of 38.3%
(table 3, figure 2). Similar results for the CMH-adjusted differ-
ence (95% CI) was obtained after imputing the missing values
with the LOCF approach (41.1% (27.4% to 54.9%)), using the
observed cases (38.7% (23.5% to 53.8%)), or excluding patients
who discontinued study prior to week 24 and received fewer
than five injections (39.2% (25.4% to 53.0%)).

Patients receiving VTE2Q4 had a significantly greater mean
change in BCVA than the sham-treated patients at week 24 (18.0
vs 3.3 letters, respectively; p<0.0001; figure 3) resulting in an
adjusted between-group difference of 14.7 letters (table 3). The

VTE2Q4 arm also showed higher proportions of patients with
vision gains of ≥0, ≥10 and ≥30 letters at week 24 (figure 4). In
all, 11 (10.7%) patients in the VTE2Q4 group experienced a loss
of one or more letters during the course of the 24 weeks com-
pared with 27 (39.7%) patients in the sham arm (p<0.0001). A
total of 8 patients (7.8%) in the VTE2Q4 group lost 10 or more
ETDRS letters during the 24 weeks compared with 17 (25.0%)
for the sham group (p=0.0033).

Larger numerical differences between VTE2Q4 and sham were
seen in the subgroup of patients with disease duration <2 months
compared with the difference noted in the study population as a
whole (disease duration <2 months: unadjusted difference of
50.9% ((20.0% sham; 70.9% VTE2Q4)). Within the VTE2Q4
group, the proportion of patients who gained at least 15 letters at
week 24 was higher (70.9%) for patients beginning treatment
within 2 months of diagnosis compared with 50.0% of VTE2Q4
patients starting treatment ≥2 months after diagnosis.

Table 1 Patient disposition (all randomised patients) and overview
of analysis sets

n (%)

VEGF
Trap-Eye
2Q4
n=106

Sham
n=71

Total
n=177

Patients screened – – 240
Patients randomised 106 (100) 71 (100) 177 (100)
Patients treated 104 (98.1) 68 (95.8) 172 (97.2)
Patients (FAS) 103 (97.2) 68 (95.8) 171 (96.6)
Completed 24 weeks 96 (90.6) 56 (78.9) 152 (85.9)
Discontinued study before week 24 10 (9.4) 15 (21.1) 25 (14.1)
Adverse event 0 4 (5.6) 4 (2.3)
Protocol violation 5 (4.7) 2 (2.8) 7 (4.0)
Withdrawal of consent 3 (2.8) 3 (4.2) 6 (3.4)
Lack of efficacy 0 5 (7.0) 5 (2.8)
Lost to follow-up 1 (0.9) 0 1 (0.6)
Other 1 (0.9) 1 (1.4) 2 (1.1)

Discontinued treatment before week 24* 11 (10.4) 18 (25.4) 29 (16.4)
Adverse event 2 (1.9) 8 (11.3) 10 (5.6)
Protocol violation 5 (4.7) 2 (2.8) 7 (4.0)
Withdrawal of consent 3 (2.8) 3 (4.2) 6 (3.4)
Lack of efficacy 0 4 (5.6) 4 (2.3)
Lost to follow-up 1 (0.9) 0 1 (0.6)
Other 0 1 (1.4) 1 (0.6)

Safety analysis set 104 (98.1) 68 (95.8) 172 (97.2)
FAS 103 (97.2) 68 (95.8) 171 (96.6)
Per protocol set 87 (82.1) 51 (71.8) 138 (78.0)

Percentages are based on all randomised patients.
*In the sham group, patients discontinued receiving the sham procedure.
FAS, full analysis set.

Table 2 Baseline demographics and disease characteristics
(study eye)

FAS*

VEGF
Trap-Eye 2Q4
n=103

Sham
n=68

Total
n=171

Mean age, years (SD) 59.9 (12.4) 63.8 (13.3) 61.5 (12.9)
Geographic region
Europe 73 (70.9) 48 (70.6) 121 (70.8)
Asia/Pacific 30 (29.1) 20 (29.4) 50 (29.2)

Gender
Female 45 (43.7%) 31 (45.6%) 76 (44.4%)
Male 58 (56.3%) 37 (54.4%) 95 (55.6%)

Race
White 74 (71.8%) 49 (72.1%) 123 (71.9%)
Asian 26 (25.2%) 15 (22.1%) 41 (24.0%)
Not reported 3 (2.9%) 4 (5.9%) 7 (4.1%)

Renal impairment
Normal 61 (59.2) 37 (54.4) 98 (57.3)
Mild 36 (35.0) 17 (25.0) 53 (31.0)
Moderate 5 (4.9) 9 (13.2) 14 (8.2)
Severe 0 2 (2.9) 2 (1.2)
Missing 1 (1.0) 3 (4.4) 4 (2.3)

Hepatic impairment
Yes 3 (2.9) 2 (2.9) 5 (2.9)
No 100 (97.1) 66 (97.1) 166 (97.1)

Retinal perfusion status
Perfused 89 (86.4) 54 (79.4) 143 (83.6)
Non-perfused 7 (6.8) 7 (10.3) 14 (8.2)
Indeterminable 7 (6.8) 7 (10.3) 14 (8.2)

Time since CRVO diagnosis
<2 months 55 (53.4) 35 (51.5) 90 (52.6)
≥2 months 46 (44.7) 33 (48.5) 79 (46.2)
Missing 2 (1.9) 0 2 (1.2)

Mean time since CRVO
diagnosis in days (SD)

78.0 (89.6) 87.6 (79.1) 81.8 (85.4)

Mean ETDRS BCVA letter
score (SD)

53.6 (15.8) 50.9 (15.4) 52.2 (15.7)

ETDRS BCVA >20/200 86 (83.5%) 56 (82.4%) 142 (83.0%)
Mean CRT mm (SD) 683.2 (234.5) 638.7 (224.7) 665.5 (231.0)
Mean IOP (mm Hg) (SD) 15.1 (2.8) 14.4 (2.7) 14.9 (2.7)

*n (%) unless otherwise noted
BCVA, best-corrected visual acuity; CRT, central retinal thickness; CRVO, central retinal
vein occlusion; ETDRS, Early Treatment Diabetic Retinopathy Study; FAS, full analysis
set; IOP, intraocular pressure.

280 Holz FG, et al. Br J Ophthalmol 2013;97:278–284. doi:10.1136/bjophthalmol-2012-301504
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was 101.6!6.5 versus 132.7!4.1 days (P < 0.0001) in the IAI and
laser groups, respectively. The proportion of eyes with a vision
gain of "0, "5, "10, and "30 ETDRS letters was significantly
higher in the IAI group compared with the laser group, and a
significantly higher proportion of eyes in the laser group lost >0,
"5, "10, and "15 ETDRS letters compared with eyes in the IAI
group at week 24 (Table 3).

The mean change from baseline BCVA in the IAI group
compared with the laser group was 17.0 versus 6.9 ETDRS letters
(P < 0.0001) at week 24, respectively (Fig 2B). When analyzed by
the baseline retinal perfusion status, the mean change from baseline
BCVA in the IAI and laser groups was 14.3 versus 5.7 ETDRS
letters (P < 0.0001) in the subgroup of eyes considered perfused
and 19.1 versus 11.3 ETDRS letters (P ¼ 0.1008) in the subgroup
of eyes considered nonperfused, respectively. When analyzed by
the baseline BCVA, the mean change from baseline BCVA in the
IAI and laser groups was 15.7 versus 6.9 ETDRS letters (P <
0.0001) in eyes with baseline BCVA of >20/200 and 34.5 versus
7.3 ETDRS letters (P ¼ 0.0168) in eyes with baseline BCVA
of $20/200, respectively.

The mean reduction from baseline CRT in the IAI and laser
groups was 280.5 versus 128.0 mm (P < 0.0001) at week 24,
respectively (Fig 2C). At baseline, 60.4% and 68.9% of patients had
perfused retinas in the IAI and laser groups, respectively. At week
24, the proportion of patients with perfused retinas in the IAI group
increased to 80.2% and the proportion of patients in the laser group

Table 2. Patient Demographics and Baseline Characteristics

Laser
(n [ 90)

IAI
(n [ 91)

Mean age, years (SD) 63.9 (11.4) 67.0 (10.4)
Women, n (%) 36 (40.0) 47 (51.6)
Race, n (%)
White 62 (68.9) 70 (76.9)
Black or African American 11 (12.2) 8 (8.8)
Asian 11 (12.2) 12 (13.2)
Other* 6 (6.7) 1 (1.1)

Geographic region, n (%)
North America 81 (90.0) 80 (87.9)
Japan 9 (10.0) 11 (12.1)

BCVA
Mean, letters (SD) 57.7 (11.3) 58.6 (11.4)
>20/200 (35e73 letters), n (%) 83 (92.2) 85 (93.4)
$20/200 (24e34 letters), n (%) 7 (7.8) 6 (6.6)

Retinal perfusion status, n (%)
Perfusedy 62 (68.9) 55 (60.4)
Nonperfusedz 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
Missing 2 (2.2) 0

Mean central retinal thickness, mm (SD) 553.5 (188.1) 558.9 (185.9)
Mean intraocular pressure, mmHg (SD) 14.9 (3.0) 14.6 (3.1)
Time since BRVO diagnosis
Mean, days (SD) 43.1 (38.8) 42.4 (43.4)
<3 months, n (%) 72 (80.0) 75 (82.4)
"3 months, n (%) 11 (12.2) 7 (7.7)
Missing, n (%) 7 (7.8) 9 (9.9)

NEI VFQ-25 score, mean (SD)
Total 75.6 (16.4) 77.8 (15.4)
Near activities 69.7 (18.4) 70.0 (21.4)
Distance activities 76.3 (20.0) 76.9 (19.8)
Vision dependency 81.9 (24.5) 86.8 (21.6)

BCVA ¼ best-corrected visual acuity; BRVO ¼ branch retinal vein oc-
clusion; IAI ¼ intravitreal aflibercept injection; NEI VFQ-25 ¼ National
Eye Institute 25-item Visual Function Questionnaire; SD ¼ standard
deviation.
Full analysis set.
*Not reported for the laser group and native Hawaiian or other Pacific
Islander for the IAI group.
yFewer than 10 disc areas of retinal nonperfusion.
zTen or more disc areas of retinal nonperfusion.

Figure 2. Visual and anatomic outcomes. The proportion of eyes that
gained"15 letters from baseline to week 24 (A) and the mean change from
baseline in best-corrected visual acuity (BCVA) (B) and central retinal
thickness (C) over 24 weeks are shown. Full analysis set. Missing data
were imputed using the last observation carried forward (LOCF) method.
aP ¼ 0.0003 and bP < 0.0001 versus laser. ETDRS ¼ Early Treatment
Diabetic Retinopathy Study; IAI ¼ intravitreal aflibercept injection.
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Selon l’OCT ?

• Mauvaise corrélation épaisseur  - AV
– Si épaisseur centrale > 700µ : espoir d’AV finale ≥5/10 est quasi-nulle

… Mais on ne traite pas un OCT !

Martinet V & al. ARVO 2008
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• 1 avril 2011
– BAV depuis 1 mois
– 4/10f
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• 1 avril 2011
– BAV depuis 1 mois
– 4/10f

è Surveillance (2 mois)
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• 28 octobre 2011 (+7-8 mois)
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• 28 octobre 2011 (+7-8 mois)
– 12/10, P2 !
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• 10 février 2012 (+11 mois)
– 10/10
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Selon non-perfusion / ischémie ?

• Critère de non-inclusion dans certains essais…
– GENEVA, CRUISE

• Contre-indication (relative) ?
– RCP

– HAS (Commission de transparence)
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AREA OF PERIPHERAL RETINAL
NONPERFUSION AND TREATMENT
RESPONSE IN BRANCH AND CENTRAL
RETINAL VEIN OCCLUSION
MICHAEL SINGER, MD,* COLIN S. TAN, FRCSED (OPHTH),†‡§ DARREN BELL, MD,*
SRINIVAS R. SADDA, MD§

Purpose: To evaluate the extent of peripheral retinal nonperfusion in retinal vein
occlusion and to determine its effect on the severity of macular edema and response to
treatment.

Methods: This prospective clinic-based cohort study included 32 consecutive patients
with retinal vein occlusion and refractory macular edema evaluated using spectral domain
optical coherence tomography and wide-field fluorescein angiography. Areas of ischemia
were calculated as a percentage of the total visible retina (ischemic index), which was
evaluated when macular edema was present (foveal central subfield .300 mm) and when
edema had resolved (foveal central subfield #300 mm). Ischemic index was the main out-
come measure.

Results: The mean ischemic index at study enrollment was 14.8% and was larger
when macular edema was present compared with when edema had resolved (14.8 vs.
10.3%, P , 0.001). Compared with those with less nonperfusion, patients with ischemic
index .10% had thicker mean foveal central subfield on optical coherence tomography
(520.8 vs. 424.5 mm, P = 0.029) and worse visual acuity (56.3 vs. 59 letters) with the
presence of macular edema and experienced greater decrease in optical coherence
tomography (296.1 vs. 165.3 mm, P = 0.019) and gain in visual acuity (12.4 vs. 0.9 letters,
P = 0.036) in response to treatment.

Conclusion: The area of peripheral retinal nonperfusion is variable in patients with retinal
vein occlusion and affects its clinical course and response to treatment.

RETINA 0:1–7, 2014

Retinal vein occlusion (RVO) is a common cause of
visual loss and occurs more frequently in patients

with hypertension, diabetic retinopathy, ischemic heart
disease, and hypercholesterolemia.1 Visual loss sec-
ondary to RVO is frequently caused by macular
edema.2,3 The treatment course of macular edema sec-
ondary to RVOs is very variable, with some patients
responding well to a single treatment, whereas others
are prone to recurrence and require multiple treatment
visits.
Current imaging modalities of the retinal periphery

frequently use a montage of overlapping fields, such as
the 7-field montage used by the Early Treatment
Diabetic Retinopathy Study.4 In contrast, wide-field
retinal imaging is an imaging technique that allows
a view of almost 200° of the posterior pole in a single
image. It has been shown that wide-field scans allow

the detection of peripheral pathology that may be
missed on the 7-field photography of the Early Treat-
ment Diabetic Retinopathy Study.5–10

In a retrospective review of macular edema of any
etiology, retinal nonperfusion detected on wide-field
angiography was reported to be associated with the
severity of macular edema and suggested to be due to
the upregulation of vascular endothelial growth factor
(VEGF) caused by hypoxia (Jani et al. Invest Ophthal-
mol Vis Sci 2011;52:E-abstract 908).
It has been suggested that the clinical course of

patients with RVO may be influenced by the extent of
retinal ischemia, including ischemia occurring in the
periphery.11 Earlier studies using wide-field imaging,
however, were performed at a single time point and
therefore did not evaluate the potential dynamic alter-
ations in the areas of peripheral nonperfusion and the

1
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The precise mechanism for improved perfusion in
the treated eye is uncertain and would require
additional study. We would speculate that there is
a portion of circulation that is closed but not
permanently so, and this closure is modulated by
VEGF. Treatment with anti-VEGF could result in
reperfusion. In a study of patients with CRVO or
BRVO, Campochiaro et al12 reported that reperfusion
of nonperfused retina occurred in 6% to 8% CRVO
patients treated with ranibizumab compared with only
1% of the sham-treated patients. In addition, at 6
months, the percentage of patients with no retinal non-
perfusion was higher in the groups treated with rani-
bizumab compared with the sham group (82.0% and
84.0 vs. 67.0%, respectively). The authors suggested
that VEGF exacerbates retinal ischemia by increasing
leukostasis, and intravitreal anti-VEGF agents may
break the feedback loop, allowing reperfusion to
occur. The study by Campochiaro et al, however,
was limited in that they reviewed retinal nonperfusion

within a template consisting of the subfields of the
Early Treatment Diabetic Retinopathy subfields. The
area of retina studied is significantly limited compared
with wide-field imaging performed in this study.
An earlier study described the ischemic index in

patients with CRVO and reported a mean of 25%,
although the authors similarly found a large range of
ischemic extent ranging from 0% to 100%.15 The
authors reported that the ischemic index correlated
significantly with the development of retinal neovas-
cularization; eyes with neovascularization had an
ischemic index of .45%. Another study of patients
with BRVO or hemi-RVO reported that untreated non-
perfusion at any location was significantly associated
with macular edema.11 The authors suggested that
areas of untreated retinal nonperfusion may be the
source of production of biochemical mediators that
promote neovascularization and macular edema.11

Both of these studies, however, reported the areas of
peripheral retinal nonperfusion at a single time point,
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Fig. 5. A. Comparison of reti-
nal thickness between patients
with ischemic index .10% and
#10% when macular edema is
present and when it has
resolved. B. Comparison of
visual acuity (VA) between
patients with ischemic index
.10% and #10%.
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Fig. 4. A. Wide-field FA grad-
ing diagram of patient with
CRVO when macular edema
was present. The area of non-
perfusion was 39.1%. B. Optical
coherence tomography scan of
the macula at the same visit
showing significant macular
edema with retinal thickness of
710 mm. C. Fluorescein angio-
gram grading diagram of the
same patient after treatment
showing significant improve-
ment in the areas of non-
perfusion (17.2%). D. Optical
coherence tomography of the
macular after treatment, with
reduction of macular edema and
retinal thickness of 296 mm.
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Selon non-perfusion / ischémie ?
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considered to be nonresponders. In a prespecified analysis of
proportions of patients who gained 15 letters or more at week 52,
the missing values were imputed by the last-observation-carried-
forward method. Between-group differences in the proportion of
patients who gained 15 letters or more were evaluated with
a 2-sided Cochran-Mantel-Haenszel test.

Continuous variables were analyzed with an analysis of
covariance, except for BCVA, which was assessed using an
analysis of variance. The last-observation-carried-forward approach
was used to impute missing values. For sensitivity, additional
analyses were performed using observed values at week 52. The
proportion of patients with neovascularization by week 52 was
analyzed using a Cochran-Mantel-Haenszel test. Safety from
baseline to week 24 was analyzed in the safety analysis set, which
included all randomized patients who received any study treatment.
Safety from weeks 24 to 52 was analyzed in week 24 completers
within the safety analysis set.

Results

Of 240 patients screened, 106 patients were randomized to the
IVT-AFL 2Q4 þ PRN group, and 71 patients were randomized to
the sham group. A total of 104 (98.1%) patients in the IVT-AFL
2Q4 þ PRN group and 68 (95.8%) patients in the sham group
were treated in the study and were included in the safety analysis
set. One patient did not have any postbaseline BCVA value, and
therefore was excluded from the FAS. Thus, the FAS included 103
patients in the IVT-AFL 2Q4 þ PRN group and 68 patients in the
sham group. Overall, 15 (14.2%) patients in the IVT-AFL 2Q4 þ
PRN group and 19 (26.8%) patients in the sham group dis-
continued the study before week 52. Major reasons for discontin-
uation in the IVT-AFL 2Q4 þ PRN group were protocol violation
(5 patients [4.7%]), withdrawal of consent (4 patients [3.8%]), and
adverse events (4 patients [3.8%]). Major reasons for discontinu-
ation in the sham group were lack of efficacy (6 patients [8.5%]),
withdrawal of consent (6 patients [8.5%]), and adverse events (4
patients [5.6%]). No patient in the IVT-AFL 2Q4 þ PRN group
discontinued the study treatment because of a lack of efficacy.

Demographics and baseline disease characteristics of patients
were similar in both treatment groups.9 Approximately half of
patients had CRVO for less than 2 months (53.4% in the IVT-
AFL 2Q4 þ PRN group and 51.5% in the sham group, FAS).
Most patients had a perfused retina (86.4% in the IVT-AFL 2Q4 þ
PRN group and 79.4% in the sham group) and a baseline BCVA of
35 letters or better (>20/200; 83.5% in the IVT-AFL 2Q4 þ PRN
group and 82.4% in the sham group).9

Visual Outcomes
At week 24, the proportion of patients who gained 15 letters or
more in BCVA was 60.2% and 22.1% in the IVT-AFL 2Q4 and
sham groups, respectively (patients who discontinued before week
24 were considered to be nonresponders; P< 0.0001).9 At week
52, the proportion of patients who gained 15 letters or more in
BCVA was 60.2% in the IVT-AFL 2Q4 þ PRN group versus
32.4% in the sham group (last observation carried forward; Fig
2A). More patients in the sham group had 15 letters or more of
improvement in BCVA at week 52 compared with week 24
(32.4% vs. 22.1%, respectively). At week 52, patients treated
with IVT-AFL 2Q4 þ PRN maintained the improvements in
BCVA achieved at week 24.

The proportion of patients who gained 10 or more letters and 30
or more letters or those who lost more than 0, more than 10, and
more than 15 letters at week 52 are shown in Table 1. Overall,
higher proportions of sham patients lost more than 0, more than

10, and more than 15 letters compared with patients treated with
IVT-AFL 2Q4 þ PRN at week 52 (Table 1).

The mean change from baseline BCVA in the IVT-AFL 2Q4 þ
PRN and sham groups was 18.0 versus 3.3 letters at week 24 and
16.9 versus 3.8 letters at week 52 (P< 0.0001 for both; Fig 2B).
When stratified by the baseline retinal perfusion status, patients
treated with IVT-AFL 2Q4 þ PRN had a similar mean " stan-
dard deviation (SD) change from baseline BCVA in the perfused
and nonperfused subgroups (þ16.8"14.7 letters vs. þ17.4"16.1

Figure 2. Graphs showing visual outcomes during the 52 weeks of the
study: (A) percentage of patients who gained 15 letters or more at week 52,
(B) mean change from baseline best-corrected visual acuity (BCVA), and
(C) mean change from baseline BCVA by the status of retinal perfusion at
baseline. Treatment frequency with intravitreal aflibercept (IVT-AFL) was
every 4 weeks (2Q4) and pro re nata (PRN; as needed), respectively, before
and after week 24. aP ¼ 0.0004 vs. sham; bP< 0.0001 vs. sham; cP< 0.001
vs. sham. ETDRS ¼ Early Treatment Diabetic Retinopathy Study.
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• Critère de non-inclusion dans certains essais
– GENEVA, CRUISE

• Contre-indication (relative) ?
• GALILEO/COPERNICUS : ≈ 10-15% non perfusées
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Au total,

• Ne pas traiter toutes les OVR,
– ni tous les OM/OCT

• Mais un patient avec BAV
– Peu d’argument pour traiter si

• AV supérieure à 5-6/10
• AV inférieure à 1/20

– A moduler selon
• Plainte fonctionnelle
• Mode de vie, activités, exigences…

• Patient vs. moyennes
– Information et balance bénéfice/risque individuelle
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QUAND TRAITER ?
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« 3 mois » ?

• Depuis la « BVOS »
L’arrivée des nouveaux traitements /IVT
change-t-elle la donne ?

• Traiter plus tôt ?
• Fait plaisir à l’industrie pharmaceutique

– Taux de guérison spontané non négligeable
• Expose à des traitements inutiles
• Formes cliniques particulières

• Est-il utile de proposer le traitement « tard » ?
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54.6 letters (approximate Snellen equivalent 20/80), and mean
baseline CFT was 520.5 !m. Approximately 13% of patients had
a diagnosis of hemiretinal vein occlusion.

Of patients in the 0.3 mg, 0.5 mg, and sham groups, 95.5%,
95.4%, and 93.2%, respectively, completed the study through

month 6. The most common reason for study discontinuation was
a decision made by the patient to do so. All but 2 of the 397
patients received study drug; for those who did, the mean number
of ranibizumab or sham injections received during the 6-month
treatment period was 5.7 and was similar across treatment groups.

Table 2. Patient Demographics and Baseline Ocular Characteristics

Parameter
Sham

(n ! 132)

Ranibizumab

0.3 mg (n ! 134) 0.5 mg (n ! 131)

Age (yrs)
Mean (SD) 65.2 (12.7) 66.6 (11.2) 67.5 (11.8)
Median 64.0 66.5 67.0
Range 26–89 43–90 41–91

Gender, n (%)
Male 74 (56.1) 67 (50.0) 71 (54.2)
Female 58 (43.9) 67 (50.0) 60 (45.8)

Race,* n (%)
White 108 (81.8) 112 (83.6) 107 (81.7)
Black/African American 13 (9.8) 11 (8.2) 13 (9.9)
Other 8 (6.0) 3 (2.2) 5 (3.8)
Unavailable 4 (3.0) 9 (6.7) 6 (4.6)

Study eye characteristics
Months from RVO diagnosis to screening

Mean (SD) 3.7 (3.7) 3.6 (4.1) 3.3 (3.1)
Median 2 2 2
Range 0–16 0–35 0–13

Distribution, n (%)
"3 85 (64.4) 85 (63.4) 88 (67.2)
"3 to "6 17 (12.9) 29 (21.6) 20 (15.3)
"6 to "9 12 (9.1) 9 (6.7) 14 (10.7)
"9 to "12 16 (12.1) 8 (6.0) 7 (5.3)
"12 2 (1.5) 3 (2.2) 2 (1.5)

HRVO classification,† n (%) 17 (13.1) 16 (12.0) 17 (13.2)
BCVA

ETDRS letter score
Mean (SD) 54.7 (12.2) 56.0 (12.1) 53.0 (12.5)
Range 16–73 25–73 22–79

Distribution, n (%)
#34 9 (6.8) 9 (6.7) 13 (9.9)
35–54 50 (37.9) 48 (35.8) 49 (37.4)
#55 73 (55.3) 77 (57.5) 69 (52.7)

Approximate Snellen equivalent, median 20/80 20/63–20/80 20/80
IOP (mmHg),¶ mean (SD) 14.8 (3.0) 15.0 (3.3) 14.9 (3.3)
Taking IOP-lowering medication, n (%) 10 (7.6) 20 (14.9) 16 (12.2)
Phakic eye,** n (%) 93 (78.8) 103 (85.1) 94 (80.3)
Imaging data

CFT(!m), mean (SD) 488.0 (192.2) 522.1 (201.9) 551.7 (223.5)
Total macular volume (mm3),‡ mean (SD) 9.641 (1.831) 9.640 (1.833) 9.839 (2.151)
Total area of retinal hemorrhage, central subfield (DA),

calculated,†† mean (SD)
0.121 (0.137) 0.103 (0.129) 0.117 (0.131)

Area of fluorescein leakage within grid (DA),¶¶ median 7 6 7
"10 DA of capillary nonperfusion (%) 0 0 0

Fellow eye characteristics
Fellow eye BCVA (ETDRS letters), mean (SD) 79.8 (17.4) 79.4 (13.7) 81.4 (13.8)
Fellow eye vision compared with study eye, n (%)

Better 121 (91.7) 118 (88.1) 125 (95.4)
Worse 8 (6.1) 9 (6.7) 4 (3.1)
Same 3 (2.3) 7 (5.2) 2 (1.5)

BCVA ! best-corrected visual acuity; CFT ! central foveal thickness; DA ! disc area; ETDRS ! Early Treatment
Diabetic Retinopathy Study; HRVO ! hemiretinal vein occlusion; IOP ! intraocular pressure; RVO ! retinal vein
occlusion; SD ! standard deviation.
*Multiracial patients were counted in each race category that they indicated. Number of patients in Other category
may be overestimated. Number assessed in sham, 0.3 mg, and 0.5 mg groups was †130, 133, and 129; ¶131, 134,
130; **118, 121, and 117; ‡81, 96, and 85; ††129, 132, and 131; ¶¶131, 133, 130.

Campochiaro et al ! Ranibizumab for Macular Edema after BRVO

5

ARTICLE IN PRESS

ranibizumab-treated patients lost !15 letters compared with the sham
group (P!0.005 for each ranibizumab group vs. sham).

Percentage of Patients with Snellen Equivalent Best-
Corrected Visual Acuity of >20/40. A Snellen equivalent of
!20/40 is generally sufficient to support reading and driving and
is considered an excellent outcome. The percentage of patients

who obtained this outcome at month 6 was 43.9% in the 0.3 mg
group and 46.9% in the 0.5 mg group compared with 20.8% in the
sham group (P!0.0001 for each ranibizumab group vs. sham)
(Table 5).

Percentage of Patients with Snellen Equivalent Best-
Corrected Visual Acuity of < 20/200. Snellen equivalent BCVA

Table 2. Patient Demographics and Baseline Ocular Characteristics

Sham (n ! 130)

Ranibizumab

0.3 mg (n " 132) 0.5 mg (n " 130)

Age (yrs)
Mean (SD) 65.4 (13.1) 69.7 (11.6) 67.6 (12.4)
Median 66 71 70
Range 20–91 38–90 40–91

Gender, n (%)
Male 72 (55.4) 71 (53.8) 80 (61.5)
Female 58 (44.6) 61 (46.2) 50 (38.5)

Race,* n (%)
White 113 (86.9) 108 (81.8) 108 (83.1)
Black/African American 8 (6.2) 16 (12.1) 10 (7.7)
Other 7 (5.4) 3 (2.3) 7 (5.4)
Unavailable 3 (2.3) 5 (3.8) 5 (3.8)

Study Eye Characteristics
Months from RVO diagnosis to screening

Mean (SD) 2.9 (2.9) 3.6 (3.2) 3.3 (3.7)
Median 2 2 2
Range 0–14 0–12 0–27
Distribution, n (%)

"3 91 (70.0) 87 (65.9) 94 (72.3)
#3 to " 6 27 (20.8) 18 (13.6) 17 (13.1)
#6 to " 9 4 (3.1) 16 (12.1) 10 (7.7)
#9 to " 12 7 (5.4) 11 (8.3) 6 (4.6)
#12 1 (0.8) 0 3 (2.3)

BCVA
ETDRS letter score

Mean (SD) 49.2 (14.7) 47.4 (14.8) 48.1 (14.6)
Range 16–71 9–72 21–73
Distribution, n (%) —

!34 26 (20.0) 33 (25.0) 30 (23.1)
35–54 49 (37.7) 46 (34.8) 50 (38.5)
!55 55 (42.3) 53 (40.2) 50 (38.5)

Approximate Snellen equivalent, median 20/100 20/100 20/100
IOP (mmHg), mean (SD) 15.1 (3.1) 14.9 (3.3) 15.1 (3.4)
IOP-lowering medication, n (%) 13 (10.0) 18 (13.6) 22 (16.9)
Phakic eye,† n (%) 88 (80.7) 84 (75.0) 83 (72.8)
Imaging Data

CFT (#m),‡ mean (SD) 687.0 (237.6) 679.9 (242.4) 688.7 (253.1)
Total macular volume (mm3),§ mean (SD) 10.700 (2.303) 10.748 (2.380) 10.308 (2.033)
Total area of retinal hemorrhage, central subfield

(DA), calculated,! mean (SD)
0.080 (0.113) 0.093 (0.117) 0.093 (0.117)

Area of fluorescein leakage within grid (DA),¶
median

15 15 14

#10 DA of capillary nonperfusion** (%) 0 0 2
Fellow Eye Characteristics

Fellow eye BCVA (ETDRS letters), mean (SD) 78.9 (18.6) 80.0 (12.5) 78.8 (17.4)
Fellow eye vision compared with study eye, n (%)

Better 117 (90.0) 123 (93.2) 120 (92.3)
Worse 8 (6.2) 3 (2.3) 7 (5.4)
Same 5 (3.8) 6 (4.5) 3 (2.3)

BCVA " best-corrected visual acuity; CFT " central foveal thickness; DA " disc area; ETDRS " Early Treatment
Diabetic Retinopathy Study; IOP " intraocular pressure; RVO " retinal vein occlusion; SD " standard deviation.
*Multiracial patients were counted in each race category that they indicated. No. of patients in Other category may
be overestimated. No. assessed in sham, 0.3 mg, and 0.5 mg groups was †109, 112, and 114; ‡129, 131, and 130; §86,
93, and 74; !128, 125, and 126; ¶128, 130, and 129; **112, 113, and 109, respectively.

Brown et al ! Ranibizumab in CRVO
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(proportion of eyes achieving at least 15 letters of improvement
from baseline BCVA) at day 180 (P ! 0.087 for DEX implant 0.7
mg vs. sham), although the difference between the DEX implant
0.7-mg group and sham groups was statistically significant on days
30 to 90 (P!0.039).The second study did meet its primary end
point (time to 15-letter gain; P"0.001 for DEX implant 0.7 mg vs.
sham).

The proportion of eyes achieving at least 10, 11, 12, 13, or 14
letters of improvement from baseline BCVA (Table 2) was signif-
icantly greater in both DEX implant groups than in the sham group
at days 30, 60, and 90 (P"0.001). At day 180, the percentage of
eyes achieving at least 10, 12, 13, or 14 letters of improvement was
still significantly greater in the DEX implant 0.7-mg group than in
the sham group (P!0.040), but the difference between the DEX

implant 0.35-mg group and the sham group was no longer statis-
tically significant. Throughout the study, eyes treated with DEX
implant were less likely than sham-treated eyes to experience a
decrease in vision of "15 letters (Fig 5).

The mean increase from baseline visual acuity was significantly
greater in both DEX implant treatment groups than in the sham
group from day 30 to day 180 (P!0.006; Fig 6), with the greatest
between-group difference (#7 letters) at day 60. There were no
statistically significant differences between the DEX implant
0.7-mg and 0.35-mg treatment groups at any follow-up visit.

Retinal Thickness. The mean decrease in central subfield
retinal thickness was significantly greater with DEX implant 0.7
mg (208$201 #m) and 0.35 mg (177$197 #m) than with sham
treatment (85$173 #m; P"0.001) at day 90 but not at day 180

Table 1. Demographic and Baseline Characteristics

Characteristic DEX Implant 0.7 mg (n ! 427)
DEX Implant 0.35 mg

(n ! 414) Sham (n ! 426)
Among-Group

P Value*

Age (yrs) 0.453
Mean (range) 64.7 (33–90) 64.9 (31–96) 63.9 (31–91)

Gender 0.268
Male 217 (50.8%) 220 (53.1%) 240 (56.3%)
Female 210 (49.2%) 194 (46.9%) 186 (43.7%)

Race 0.970†

Caucasian 321 (75.2%) 312 (75.4%) 318 (74.6%)
Black 15 (3.5%) 14 (3.4%) 20 (4.7%)
Asian (excluding Japanese) 38 (8.9%) 36 (8.7%) 44 (10.3%)
Japanese 0 (0.0%) 2 (0.5%) 1 (0.2%)
Hispanic 37 (8.7%) 29 (7.0%) 25 (5.9%)
Other 16 (3.7%) 21 (5.1%) 18 (4.2%)

Iris color 0.195
Dark 241 (56.4%) 244 (58.9%) 265 (62.5%)
Light 186 (43.6%) 170 (41.1%) 159 (37.5%)

Diagnosis in study eye 0.264
BRVO 291 (68.1%) 260 (62.8%) 279 (65.5%)
CRVO 136 (31.9%) 154 (37.2%) 147 (34.5%)

Duration of macular edema 0.923
Mean duration (range) 157.6 (19–374) 153.0 (49–944) 156.1 (19–374) 0.673
"90 days 70 (16.4%) 76 (18.1%) 65 (15.3%)
90–179 days 219 (51.3%) 218 (52.7%) 220 (51.6%)
180–269 days 93 (21.8%) 89 (21.5%) 99 (23.2%)
"270 days 45 (10.5%) 32 (7.7%) 42 (9.9%)

Mean baseline visual acuity, letters $ SD
(Snellen equivalent)

54.3$9.93 (20/80) 53.9$10.41 (20/80) 54.8$9.86 (20/80) NS

Mean baseline retinal thickness
(#m$SD)

562$188 555$204 539$186 NS

Prior laser photocoagulation 41 (10%) 44 (11%) 40 (9%) 0.814
BRVO 37 (90%) 40 (91%) 36 (90%)
CRVO 4 (10%) 4 (9%) 4 (10%)

Other procedures for RVO
Hemodilution 1 (0.2%) 1 (0.2%) 2 (0.5%)
Intraocular injection 0 1 (0.2%) 1 (0.2%)

Lens status‡ 0.208
Phakic 373 (88%) 362 (87%) 387 (91%)
Pseudophakic 53 (12%) 52 (13%) 39 (9%)

Diabetes mellitus 64 (15%) 57 (14%) 63 (15%) 0.866
Hypertension 264 (62%) 264 (64%) 273 (64%) 0.761
Coronary artery disease 55 (13%) 49 (12%) 38 (9%) 0.165
IOP-lowering medication use at baseline 27 (6%) 24 (6%) 16 (4%) 0.210

BRVO ! branch retinal vein occlusion; CRVO ! central retinal vein occlusion; DEX implant ! dexamethasone intravitreal implant (OZURDEX,
Allergan Inc., Irvine, CA); IOP ! intraocular pressure; NS ! not significant; RVO ! retinal vein occlusion; SD ! standard deviation.
*P values were based on analysis of variance for age and the Pearson chi-square test for other variables.
†Caucasian versus non-Caucasian.
‡Based on biomicroscopic data at baseline.

Haller et al ! Novel Dexamethasone Drug Delivery System in Treatment of RVO
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GENEVA : ≈ 5 mois

BRAVO : ≈ 3 ½ mois 

CRUISE : ≈ 3 à 3 ½ mois

region and baseline BCVA as fixed factors. A descriptive, post
hoc analysis using a double-sided Fisher test was conducted to
evaluate the between-group differences in the proportion of
patients losing ≥1 and ≥10 letters.

RESULTS
Patient disposition, demographics and disease
characteristics
A total of 240 patients were screened, 177 patients were rando-
mised and 172 patients were included in the safety analysis set
(table 1). One patient did not have any postbaseline BCVA assess-
ment. Therefore, the full analysis set comprised 171 patients
(table 1). Overall, 86.4% of VTE2Q4 patients and 79.4% of
sham patients had a perfused retinal occlusion (table 2).

Visual outcomes
Significantly more VTE2Q4-treated patients gained ≥15 letters
by week 24 than those receiving sham injections (60.2% vs
22.1%, p<0.0001) with a CMH-adjusted difference of 38.3%
(table 3, figure 2). Similar results for the CMH-adjusted differ-
ence (95% CI) was obtained after imputing the missing values
with the LOCF approach (41.1% (27.4% to 54.9%)), using the
observed cases (38.7% (23.5% to 53.8%)), or excluding patients
who discontinued study prior to week 24 and received fewer
than five injections (39.2% (25.4% to 53.0%)).

Patients receiving VTE2Q4 had a significantly greater mean
change in BCVA than the sham-treated patients at week 24 (18.0
vs 3.3 letters, respectively; p<0.0001; figure 3) resulting in an
adjusted between-group difference of 14.7 letters (table 3). The

VTE2Q4 arm also showed higher proportions of patients with
vision gains of ≥0, ≥10 and ≥30 letters at week 24 (figure 4). In
all, 11 (10.7%) patients in the VTE2Q4 group experienced a loss
of one or more letters during the course of the 24 weeks com-
pared with 27 (39.7%) patients in the sham arm (p<0.0001). A
total of 8 patients (7.8%) in the VTE2Q4 group lost 10 or more
ETDRS letters during the 24 weeks compared with 17 (25.0%)
for the sham group (p=0.0033).

Larger numerical differences between VTE2Q4 and sham were
seen in the subgroup of patients with disease duration <2 months
compared with the difference noted in the study population as a
whole (disease duration <2 months: unadjusted difference of
50.9% ((20.0% sham; 70.9% VTE2Q4)). Within the VTE2Q4
group, the proportion of patients who gained at least 15 letters at
week 24 was higher (70.9%) for patients beginning treatment
within 2 months of diagnosis compared with 50.0% of VTE2Q4
patients starting treatment ≥2 months after diagnosis.

Table 1 Patient disposition (all randomised patients) and overview
of analysis sets

n (%)

VEGF
Trap-Eye
2Q4
n=106

Sham
n=71

Total
n=177

Patients screened – – 240
Patients randomised 106 (100) 71 (100) 177 (100)
Patients treated 104 (98.1) 68 (95.8) 172 (97.2)
Patients (FAS) 103 (97.2) 68 (95.8) 171 (96.6)
Completed 24 weeks 96 (90.6) 56 (78.9) 152 (85.9)
Discontinued study before week 24 10 (9.4) 15 (21.1) 25 (14.1)
Adverse event 0 4 (5.6) 4 (2.3)
Protocol violation 5 (4.7) 2 (2.8) 7 (4.0)
Withdrawal of consent 3 (2.8) 3 (4.2) 6 (3.4)
Lack of efficacy 0 5 (7.0) 5 (2.8)
Lost to follow-up 1 (0.9) 0 1 (0.6)
Other 1 (0.9) 1 (1.4) 2 (1.1)

Discontinued treatment before week 24* 11 (10.4) 18 (25.4) 29 (16.4)
Adverse event 2 (1.9) 8 (11.3) 10 (5.6)
Protocol violation 5 (4.7) 2 (2.8) 7 (4.0)
Withdrawal of consent 3 (2.8) 3 (4.2) 6 (3.4)
Lack of efficacy 0 4 (5.6) 4 (2.3)
Lost to follow-up 1 (0.9) 0 1 (0.6)
Other 0 1 (1.4) 1 (0.6)

Safety analysis set 104 (98.1) 68 (95.8) 172 (97.2)
FAS 103 (97.2) 68 (95.8) 171 (96.6)
Per protocol set 87 (82.1) 51 (71.8) 138 (78.0)

Percentages are based on all randomised patients.
*In the sham group, patients discontinued receiving the sham procedure.
FAS, full analysis set.

Table 2 Baseline demographics and disease characteristics
(study eye)

FAS*

VEGF
Trap-Eye 2Q4
n=103

Sham
n=68

Total
n=171

Mean age, years (SD) 59.9 (12.4) 63.8 (13.3) 61.5 (12.9)
Geographic region
Europe 73 (70.9) 48 (70.6) 121 (70.8)
Asia/Pacific 30 (29.1) 20 (29.4) 50 (29.2)

Gender
Female 45 (43.7%) 31 (45.6%) 76 (44.4%)
Male 58 (56.3%) 37 (54.4%) 95 (55.6%)

Race
White 74 (71.8%) 49 (72.1%) 123 (71.9%)
Asian 26 (25.2%) 15 (22.1%) 41 (24.0%)
Not reported 3 (2.9%) 4 (5.9%) 7 (4.1%)

Renal impairment
Normal 61 (59.2) 37 (54.4) 98 (57.3)
Mild 36 (35.0) 17 (25.0) 53 (31.0)
Moderate 5 (4.9) 9 (13.2) 14 (8.2)
Severe 0 2 (2.9) 2 (1.2)
Missing 1 (1.0) 3 (4.4) 4 (2.3)

Hepatic impairment
Yes 3 (2.9) 2 (2.9) 5 (2.9)
No 100 (97.1) 66 (97.1) 166 (97.1)

Retinal perfusion status
Perfused 89 (86.4) 54 (79.4) 143 (83.6)
Non-perfused 7 (6.8) 7 (10.3) 14 (8.2)
Indeterminable 7 (6.8) 7 (10.3) 14 (8.2)

Time since CRVO diagnosis
<2 months 55 (53.4) 35 (51.5) 90 (52.6)
≥2 months 46 (44.7) 33 (48.5) 79 (46.2)
Missing 2 (1.9) 0 2 (1.2)

Mean time since CRVO
diagnosis in days (SD)

78.0 (89.6) 87.6 (79.1) 81.8 (85.4)

Mean ETDRS BCVA letter
score (SD)

53.6 (15.8) 50.9 (15.4) 52.2 (15.7)

ETDRS BCVA >20/200 86 (83.5%) 56 (82.4%) 142 (83.0%)
Mean CRT mm (SD) 683.2 (234.5) 638.7 (224.7) 665.5 (231.0)
Mean IOP (mm Hg) (SD) 15.1 (2.8) 14.4 (2.7) 14.9 (2.7)

*n (%) unless otherwise noted
BCVA, best-corrected visual acuity; CRT, central retinal thickness; CRVO, central retinal
vein occlusion; ETDRS, Early Treatment Diabetic Retinopathy Study; FAS, full analysis
set; IOP, intraocular pressure.
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GALILEO : ≈ 2 ½ à 3 mois 

COPERNICUS : ≈ 2 à 2 ½ mois 

and was administered by masked site personnel before intrav-
itreal injection.

Starting at week 24, eyes were assessed for retreatment and
received an injection of VEGF Trap-Eye if any of the following
retreatment criteria were met: a more than 50-!m increase in CRT
on OCT, new or persistent cystic retinal changes of subretinal fluid on
OCT or persistent diffuse edema of 250 !m or more in the central
subfield on OCT, a decrease of visual acuity between the current and
most recent visit of 5 letters or more. If none of the retreatment criteria
were met, eyes received a sham injection.

Safety assessments included ocular AEs in the study and fellow
eye, nonocular AEs, ocular and nonocular serious AE (SAEs), AEs
of interest, laboratory assessments, vital signs, and measurement of
antidrug antibody in serum.

Statistical Analyses
The sample size calculation was based on the assumptions that the
difference in the proportion of eyes gaining at least 15 letters of
vision at week 24 would be 25% (15% in the sham group9 and
40% in the VEGF group20), and the dropout rate would be 9%.
With these assumptions, a total sample size of 165 eyes (99 in the
VEGF group and 66 in the sham group) was required to detect this
difference in the primary analysis with 90% power at a 5%
significance level using a 2-sided Fisher exact test.

Primary efficacy analyses were conducted in the full-analysis set,
which included all randomized patients who received any study
medication and had a baseline efficacy assessment and at least 1
efficacy assessment after baseline. In the primary analysis of the
primary end point, patients who discontinued prematurely (before
week 24) and had fewer than 5 injections of VEGF Trap-Eye or sham
were evaluated as nonresponders; otherwise, missing values were
imputed using last observation carried forward analyses. Pure last
observation carried forward analyses were performed as a sensitivity
analysis. Proportions of 15-letter gainers were compared with a
2-sided Cochran-Mantel-Haenszel test, stratified for region and base-
line BCVA. Secondary end point analyses were performed sequen-
tially according to the order in which the variables were defined to
preserve an " of 0.05. The hypothesis was tested only if all the
previous null hypotheses in the sequence could be rejected. The
sequence of analysis was as follows: (1) change from baseline in
BCVA score at week 24; (2) change from baseline in CRT at week
24; (3) proportion of subjects progressing to anterior segment neo-
vascularization, neovascularization of the optic disc, or neovascular-
ization of the retina elsewhere at week 24; and (4) change from
baseline in the National Eye Institute 25-item Visual Function Ques-
tionnaire total score at week 24. Proportions were analyzed with the
Cochran-Mantel-Haenszel test, and continuous variables were ana-
lyzed with an analysis of covariance main effects model with treat-
ment group, region, and baseline BCVA as fixed factors and the

Table 2. Baseline Demographic and Clinical Characteristics

Characteristic
Control

(Sham; n ! 73)

Vascular
Endothelial

Growth Factor
Trap-Eye 2 mg

(n ! 114)
Total

(n ! 187)

Mean age (SD), yrs 67.5 (14.3) 65.5 (13.6) 66.3 (13.9)
Gender (%M:%F) 52:48 61:39 57:43
Race, n (%)

White 59 (80.8%) 88 (77.2%) 147 (78.6%)
Black 5 (6.8%) 5 (4.4%) 10 (5.3%)
Asian 2 (2.7%) 7 (6.1%) 9 (4.8%)
American Indian/Alaska native 0 2 (1.8%) 2 (1.1%)
Native Hawaiian/Pacific Islander 1 (1.4%) 0 1 (0.5%)
Not reported/multiracial 6 (8.2%) 12 (10.5%) 18 (9.6%)

BCVA !20/200, n(%) 55 (75.3%) 86 (75.4%) 141 (75.4%)
BCVA #20/200, n(%) 18 (24.7%) 28 (24.6%) 46 (24.6%)
Mean central retinal thickness (SD), !m 672.4 (245.3) 661.7 (237.4) 665.8 (239.8)
Mean visual acuity (ETDRS) 48.9 (14.4) 50.7 (13.9) 50.0 (14.1)
Retinal perfusion status, n (%)

Perfused* 50 (68.5%) 77 (67.5%) 127 (67.9%)
Nonperfused 12 (16.4%) 17 (14.9%) 29 (15.5%)
Indeterminate 11 (15.1%) 20 (17.5%) 31 (16.6%)

Mean intraocular pressure (mmHg) 15.0 (2.81) 15.1 (3.26) 15.1 (3.08)
Mean time since CRVO diagnosis (mos) 1.88 (2.19) 2.73 (3.09) 2.40 (2.80)
CRVO diagnosis time (mos), n (%)

#2 52 (71.2%) 64 (56.1%) 116 (62.0%)
!2 21 (28.8%) 49 (43.0%) 70 (37.4%)

Mean NEI VFQ-25 scores (SD)
Total 77.78 (16.25) 77.67 (15.96) 77.71 (16.03)
Near activities 70.72 (20.22) 69.96 (21.94) 70.25 (21.23)
Distance activities 78.08 (21.25) 75.99 (21.26) 76.80 (21.22)
Vision dependency 82.76 (27.41) 83.26 (25.51) 83.07 (26.20)

BCVA " best-corrected visual acuity; CRVO " central retinal vein occlusion; ETDRS " Early Treatment
Diabetic Retinopathy Study; F " female; M " male; NEI VFQ-25 " National Eye Institute 25-item Visual
Function Questionnaire; SD " standard deviation.
*Less than 10 disc areas of nonperfusion.

Boyer et al ! VEGF Trap-Eye for CRVO
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was 101.6!6.5 versus 132.7!4.1 days (P < 0.0001) in the IAI and
laser groups, respectively. The proportion of eyes with a vision
gain of "0, "5, "10, and "30 ETDRS letters was significantly
higher in the IAI group compared with the laser group, and a
significantly higher proportion of eyes in the laser group lost >0,
"5, "10, and "15 ETDRS letters compared with eyes in the IAI
group at week 24 (Table 3).

The mean change from baseline BCVA in the IAI group
compared with the laser group was 17.0 versus 6.9 ETDRS letters
(P < 0.0001) at week 24, respectively (Fig 2B). When analyzed by
the baseline retinal perfusion status, the mean change from baseline
BCVA in the IAI and laser groups was 14.3 versus 5.7 ETDRS
letters (P < 0.0001) in the subgroup of eyes considered perfused
and 19.1 versus 11.3 ETDRS letters (P ¼ 0.1008) in the subgroup
of eyes considered nonperfused, respectively. When analyzed by
the baseline BCVA, the mean change from baseline BCVA in the
IAI and laser groups was 15.7 versus 6.9 ETDRS letters (P <
0.0001) in eyes with baseline BCVA of >20/200 and 34.5 versus
7.3 ETDRS letters (P ¼ 0.0168) in eyes with baseline BCVA
of $20/200, respectively.

The mean reduction from baseline CRT in the IAI and laser
groups was 280.5 versus 128.0 mm (P < 0.0001) at week 24,
respectively (Fig 2C). At baseline, 60.4% and 68.9% of patients had
perfused retinas in the IAI and laser groups, respectively. At week
24, the proportion of patients with perfused retinas in the IAI group
increased to 80.2% and the proportion of patients in the laser group

Table 2. Patient Demographics and Baseline Characteristics

Laser
(n [ 90)

IAI
(n [ 91)

Mean age, years (SD) 63.9 (11.4) 67.0 (10.4)
Women, n (%) 36 (40.0) 47 (51.6)
Race, n (%)
White 62 (68.9) 70 (76.9)
Black or African American 11 (12.2) 8 (8.8)
Asian 11 (12.2) 12 (13.2)
Other* 6 (6.7) 1 (1.1)

Geographic region, n (%)
North America 81 (90.0) 80 (87.9)
Japan 9 (10.0) 11 (12.1)

BCVA
Mean, letters (SD) 57.7 (11.3) 58.6 (11.4)
>20/200 (35e73 letters), n (%) 83 (92.2) 85 (93.4)
$20/200 (24e34 letters), n (%) 7 (7.8) 6 (6.6)

Retinal perfusion status, n (%)
Perfusedy 62 (68.9) 55 (60.4)
Nonperfusedz 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
Missing 2 (2.2) 0

Mean central retinal thickness, mm (SD) 553.5 (188.1) 558.9 (185.9)
Mean intraocular pressure, mmHg (SD) 14.9 (3.0) 14.6 (3.1)
Time since BRVO diagnosis
Mean, days (SD) 43.1 (38.8) 42.4 (43.4)
<3 months, n (%) 72 (80.0) 75 (82.4)
"3 months, n (%) 11 (12.2) 7 (7.7)
Missing, n (%) 7 (7.8) 9 (9.9)

NEI VFQ-25 score, mean (SD)
Total 75.6 (16.4) 77.8 (15.4)
Near activities 69.7 (18.4) 70.0 (21.4)
Distance activities 76.3 (20.0) 76.9 (19.8)
Vision dependency 81.9 (24.5) 86.8 (21.6)

BCVA ¼ best-corrected visual acuity; BRVO ¼ branch retinal vein oc-
clusion; IAI ¼ intravitreal aflibercept injection; NEI VFQ-25 ¼ National
Eye Institute 25-item Visual Function Questionnaire; SD ¼ standard
deviation.
Full analysis set.
*Not reported for the laser group and native Hawaiian or other Pacific
Islander for the IAI group.
yFewer than 10 disc areas of retinal nonperfusion.
zTen or more disc areas of retinal nonperfusion.

Figure 2. Visual and anatomic outcomes. The proportion of eyes that
gained"15 letters from baseline to week 24 (A) and the mean change from
baseline in best-corrected visual acuity (BCVA) (B) and central retinal
thickness (C) over 24 weeks are shown. Full analysis set. Missing data
were imputed using the last observation carried forward (LOCF) method.
aP ¼ 0.0003 and bP < 0.0001 versus laser. ETDRS ¼ Early Treatment
Diabetic Retinopathy Study; IAI ¼ intravitreal aflibercept injection.
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CRYSTAL : gain AV selon le délai

Ophthalmology Retina 2018;2:134–42

Sustained Benefits from Ranibizumab for
Central Retinal Vein Occlusion with
Macular Edema: 24-Month Results of the
CRYSTAL Study

Michael Larsen, MD,1 Sebastian M. Waldstein, MD,2 Siegfried Priglinger, MD,3 Philip Hykin, MD,4

Elizabeth Barnes, PhD,5 Margarita Gekkieva, MD,5 Ayan Das Gupta, MSc,6 Andreas Wenzel, PhD,5

Jordi Monés, MD, PhD,7 on behalf of the CRYSTAL Study Group

Purpose: To assess the efficacy and safety profile of an individualized, stabilization criteriaedriven regimen
of ranibizumab 0.5 mg in patients with visual impairment due to macular edema secondary to central retinal vein
occlusion (CRVO).

Design: A 24-month, prospective, open-label, single-arm, multicenter study.
Participants: A total of 357 patients.
Methods: Patients received monthly ranibizumab 0.5 mg injections (minimum, 3 injections) until stable visual

acuity (VA) was maintained for 3 consecutive months. Thereafter, ranibizumab 0.5 mg injections were adminis-
tered if monitoring indicated a loss of VA due to disease activity. The primary outcome results have been
published previously.

Main secondary outcome measures: Mean change from baseline at months 1 through 24 in best-corrected
VA (BCVA) in the overall population and in subgroups categorized according to baseline BCVA, CRVO duration, or
presence of macular ischemia.

Results: The baseline mean BCVA was 53.0 letters and baseline mean CRVO duration was 8.9 months
(median, 2.4 months). The mean (standard deviation) gain in BCVA from baseline with ranibizumab 0.5 mg at
month 24 was 12.1 (18.60) letters (P < 0.0001). Best-corrected VA gains at month 24 were similar in patients with
or without baseline macular ischemia (mean change, 11.1 and 12.9 letters, respectively). The mean BCVA gain at
month 24 was higher in patients with CRVO duration <3 months (13.2 letters) compared with that in those with
CRVO duration >9 months (10.5 letters). Patients with lower baseline BCVA had larger mean BCVA gains at
month 24 (!39 letters; 18.5 letters) than those with higher baseline BCVA (40e59/"60 letters; 13.9/7.2 letters),
although the absolute BCVA values at month 24 were higher in patients with higher baseline BCVA. The mean
(standard deviation) and median number of ranibizumab injections up to month 23 were 13.1 (6.39) and 15.0
injections, respectively. No new ocular or nonocular safety events were reported.

Conclusion: An individualized, stabilization criteriaedriven dosing regimen of ranibizumab 0.5 mg led to
sustained BCVA gains for up to 24 months in patients with CRVO. The presence of macular ischemia at baseline
did not influence VA gains. Shorter duration of CRVO at baseline was associated with better VA gains. Safety
findings were consistent with those reported in previous ranibizumab studies in patients with
CRVO. Ophthalmology Retina 2018;2:134-142 ª 2017 by the American Academy of Ophthalmology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Supplemental material available at http://www.ophthalmologyretina.org.

Central retinal vein occlusion (CRVO) is a sight-threatening
retinal vascular disease with an estimated global prevalence
of 0.08%.1,2 Intravitreal antievascular endothelial growth
factor (VEGF) agents are considered to be the first-line
treatment option for improving visual outcomes in patients
with retinal vein occlusion (RVO).3,4

The long-term efficacy and safety of ranibizumab 0.5 mg
was assessed in the CRYSTAL study in a broad population of
patients with visual impairment due to macular edema

secondary to CRVO. The study did not exclude patients with
retinal ischemia or specify a limit for the duration of CRVO
prior to enrollment. An individualized visual acuity (VA)
stabilization criteriaedriven dosing regimen of ranibizumab
0.5 mg, as recommended in the 2011 European Union Sum-
mary of Product Characteristics,5 was assessed in the study.

The primary outcome (mean change in best-corrected
VA [BCVA] from baseline as measured at month 12) and
other efficacy and safety results up to month 12 have been

134 ! 2017 by the American Academy of Ophthalmology
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.oret.2017.05.016
ISSN 2468-6530/17

Traitement « précoce » (< 3 mois) 
permet des gains de MAVC plus 

importants (OVCR)
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Influence du délai de traitement

– Non randomisée

– Moindre récupération si délai 
« long » > 3 mois…
• GrC : 346 jours en moyenne !
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Impact of Time to Anti-Vascular Endothelial 
Growth Factor Intervention on Visual Outcomes 
for Patients Diagnosed With Retinal Vein 
Occlusion
Jessica Hsueh, BS; Karen M. Wai, MD; Felipe F. Conti, MD; Thais F. Conti, MD; Rishi P. Singh, MD

BACKGROUND AND OBJECTIVES: To analyze the 
impact of time to treatment with anti-vascular en-
dothelial growth factor (VEGF) for patients with 
macular edema (ME) secondary to retinal vein oc-
clusions (RVO) in routine clinical practice.  

PATIENTS AND METHODS: One hundred fifty-five 
eyes with ME secondary to RVO were identified. 
Patients were divided into initiation of anti-VEGF 
treatment at 28 days or fewer after symptom onset 
(Group A), between 28 and 84 days (Group B), and 
84 days or more (Group C).

RESULTS: A significant central subfield thick-
ness (CST) decrease at 12 months was observed 
in Groups A, B, and C (–184.14 µm, –204.55 µm, 
and –170.71 µm, respectively; P < .001). At 12 
months, Groups A and B showed significant BCVA 
improvement (19.14 and 21.11, respectively;  
P ≤ .001), whereas Group C showed no significant 
improvement from baseline (4.01; P < .28).

CONCLUSIONS: Anatomical response as measured 
by CST did not differ between groups, whereas 
delays in treatment resulted in smaller BCVA im-
provement with anti-VEGF treatment.

[Ophthalmic Surg Lasers Imaging Retina. 2018;49:832-837.]

INTRODUCTION

Retinal vein occlusion (RVO) is the second most 
common cause of retinal vascular disease, with an es-
timated incidence of 180,000 affected eyes per year 
in the United States.1 The pathogenesis of visual im-
pairment in RVO is not entirely understood but may 
result from a multitude of factors, including retinal 
ischemia, hemorrhage, and macular edema (ME). ME 
is thought to be the predominant cause of recoverable 
vision loss in RVO.2 Anti-vascular endothelial growth 
factor (VEGF) therapy is now widely used in the 
management and treatment of RVO. It has been dem-
onstrated that anti-VEGFs are effective for macular 
edema secondary to branch RVO (BRVO) and central 
RVO (CRVO).3,4,5 A number of phase 3, multicenter 
clinical studies have been critical in establishing 
anti-VEGF therapy for RVO. The COPERNICUS and 
GALILEO studies showed that monthly injections 
of aflibercept (Eylea; Regeneron, Tarrytown, NY) for 
patients with ME secondary to CRVO resulted in sig-
nificantly improved visual acuity (VA) at 6 months.6,7 
The BRAVO and CRUISE trials demonstrated that 
BRVO and CRVO patients who received monthly in-
jections of ranibizumab (Lucentis; Genentech, South 
San Francisco, CA) experienced a higher mean im-
provement in letters compared to patients receiving 
sham injections.8,9

Further post hoc analysis of anti-VEGF clinical 
trials demonstrated that a 6-month treatment delay 
in the sham treatment group was associated with re-
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Comparison of immediate versus deferred intravitreal
Bevacizumab in macular oedema due to branch retinal vein
occlusion: a pilot study

M. A. Khan . Varakutti Mallika . Dattakiran Joshi

Received: 6 October 2016 / Accepted: 17 April 2017 / Published online: 21 April 2017
! Springer Science+Business Media Dordrecht 2017

Abstract
Purpose To compare visual and anatomical recovery

of immediate versus deferred intravitreal Beva-

cizumab for the treatment of macular oedema sec-
ondary to branch retinal vein occlusion (BRVO).

Methods In a pilot study, 40 treatment naı̈ve patients

of branch retinal vein occlusion with macular oedema
and vision 6/12 or less presenting within one month of

onset were randomised into 2 groups (20 each) to

receive either immediate intravitreal Bevacizumab or
deferred (after 3 months of observation). Outcome in

terms of visual recovery and decrease in central

macular thickness on the Optical Coherence Tomog-
raphy (OCT) from pre-treatment level was analysed at

6 and 12 months from starting of treatment and

compared between the two groups.

Results The mean visual gain in the two groups early
and delayed intervention was 0.38 log MARs and 0.15

log MAR units, respectively, and the superior vision

gain in the early intervention group was statistically
significant (p\ 0.001). The difference in visual

improvement between the two groups persisted till

1 year of follow-up. The early intervention group
required fewer injections (2.6 ± 71 vs. 3.5 ± 0.51),

and rescue laser treatment (15 vs. 25%) as compared to

deferred group. Both groups showed significant
decrease in central macular thickness (328 and

289 l, respectively) from baseline thickness, but the

difference between the two groups was not statistically
significant (p = 0.45).

Conclusions Both early as well as deferred injection

of Bevacizumab in macular oedema due to BRVO
resulted in reduction of macular oedema and visual

gain but immediate injection were associated with

significantly greater visual gain with lesser number of
injections fewer rescue laser treatment.

Keywords Branch retinal vein occlusion ! Macular
oedema ! Bevacizumab ! Immediate ! Deferred
treatment

Introduction

Branch retinal vein occlusion (BRVO) is a common
occlusive vasculopathy second only to diabetic
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Ophthalmology, Command Hospital Air Force Bangalore,
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this study show that patients in whom treatment with

Bevacizumab were started within one month of onset

of disease had significantly better visual outcome as
compared to those in whom treatment was deferred

beyond three months. Both mean visual gain and

number of letters gained were better when treatment
was started within a month. Though delayed treatment

was still effective in reduction of oedema, the vision

continued to lag behind the early treatment group even
up to one year of follow-up. Jaissle et al. [19] in their

study of predictive factors for functional outcome in

the treatment of macular oedema by Bevacizumab
found longer duration of BRVO before treatment a

significant factor responsible for worse visual out-

come. However, another similar study by Ach et al.

[20] did not find any baseline factor which could
predict effectiveness of Bevacizumab in treating

macular oedema due to BRVO. Kim et al. [21] in a

retrospective study compared early versus delayed
treatment of macular oedema due to BRVO and found

those treated before 3 months after onset having

superior and sustained gain in vision as compared to
treatment after 3 months of onset. Another study by

Rehak [22] and others found best visual outcome when

Bevacizumab was given within 3 months. Both these
studies had a maximum follow-up of 6 months. In our

Table 3 Pre- and post-treatment central macular thickness (Mean ± SD, 95% CI, median and range)

Central macular thickness in l Mean (l) SD 95% Confidence limit (l) Median Range

Group 1 pre-treatment 602.3 139.2 431.19–73.41 532.0 l 365–956 l

Group 1 post-treatment at 12 months 288.3 ±64 209.75–339.45 248 200–430

Group 2 pre-treatment 563.6 ±96.4 509.16–638.66 542.0 l 430–700 l

Group 2 post-treatment at 12 months 276.7 ±33.3 262.35–307.11 290 l 240–360 l
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Fig. 1 Graph showing
mean Log MAR vision in
the two groups at different
intervals of follow-up to
1 year
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Fig. 2 Graph showing
mean central macular
thickness in microns in the
two groups at different
intervals of follow-up to
1 year
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Donc…

Pas/Peu de données sur
l’intérêt de débuter un traitement
avant 1 – 1,5 mois d’évolution…

Moindre gain d’acuité visuelle
lorsque le traitement est 
différé de plus de 3 mois.
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Intérêt de débuter un traitement tardivement ?

• Groupes « témoins » des études de phase 3 traités à 6 mois si 
besoin
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GENEVA : Réinjection corticoïde (700µg)
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Suivi des patients de BRAVO

PA Campochiaro , ARVO 2011, Poster 4869
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Suivi des patients de CRUISE

PA Campochiaro , ARVO 2011, Poster 4869
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• Tolérance : pas de nouvel évènement

• 2 à 9% d’EI oculaires sévères (2 endophtalmies chez patients de CRUISE)
• 1 à 6% d’EI systémiques sévères potentiellement liés à l’inhibition du VEGF
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Modalités de poursuite du traitement

• Réinjection(s) à la demande

– 38 à 40% : 1 seule injection

–Moyenne : 2,6 à 2,8 injections

Int Ophthalmology 2019;39:145–53

over 12 months [26]. This remarkable fewer number

of injections in our study could be explained by

exclusion of ischemic BRVO.
Preti et al. andWang et al. reported improvement in

best corrected visual acuity (BCVA) after just a single

intravitreal injection of bevacizumab and aflibercept,
respectively, in BRVO associated with macular edema

[27, 28].

As far as efficacy of aflibercept and ranibizumab in
reducing macular thickness and improving visual

acuity, our results are similar to prior studies on

BRVO-associated macular edema.
The BRAVO study included eyes diagnosed with

BRVO within 12 months of study entry and a BCVA

between 20/40 and 20/400 with CFT C 250 lm as
assessed by OCT. Mean ETDRS letter score

improvement was 16.6 and 18.3 in the 0.3 mg and
0.5 mg ranibizumab groups, respectively, and 7.3 in

the sham group. CFT decreased by a mean of 337 lm
(0.3 mg) and 345 lm (0.5 mg) in the ranibizumab
groups, which was greater than the 158 lm reduction

in the sham group [29].

Sakanishi et al., who assessed the efficacy of
intravitreal ranibizumab, found that the visual acuity

and central retinal thickness were improved in BRVO

at 6 months. Even more importantly, they concluded
that the thinner the central foveal thickness prior

injection, the higher the rate of sustained effect

following a single dose [30].
In a study by Narayanan et al., the mean gains in

BCVA were ?18.1 letters in the ranibizumab group

and ?15.6 letters in the bevacizumab group at
6 months. Mean reductions in CRT was

177.1 ± 122.3 lm in the ranibizumab group and

201.7 ± 166.2 lm in the bevacizumab group, with
no significant difference between the two groups [31].

In 2015, a multicenter randomized trial

(VIBRANT) compared intravitreal aflibercept and
focal laser for BRVO-associated macular edema [19].

Mean ETDRS letter improvement score was 17.0 in

the aflibercept versus 6.9 in the laser group at
24 weeks. Mean reduction in CFT was 280.5 lm in

the aflibercept versus 128 lm in the laser group. The

study concluded that intravitreal aflibercept is an
effective treatment for BRVO-associated macular

edema. Contrary to BRAVO, in which after the first

6 months patients were shifted to a PRN regimen,
VIBRANT treated its participants every 8 weeks until

month 12 [22].

The efficacy of aflibercept for anatomical and
functional recovery was similar to that reported for

other anti-VEGF agents used as treatment for macular

edema-associated BRVO and better than the sham
group or laser-only treatments described in previous

studies [32].

It may be tempting to compare trial results of
BRAVO and VIBRANT to find whether ranibizumab

or aflibercept is superior. A meta-analysis concluded
equivalent efficacy of both drugs based on the

available studies. However, nonequivalent endpoints

as well as different inclusion and exclusion criteria
make this comparison difficult [33, 34].

Our study demonstrated no statistical difference

between the two groups in terms of visual acuity gains
in eyes with macular edema secondary to non-

Fig. 2 Best corrected visual acuity change over 12 months in
the ranibizumab (0.31 ± 0.1 logMAR) and aflibercept
(0.38 ± 0.15 logMAR) ‘‘treat and observe’’ groups
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Fig. 3 Mean change in central foveal thickness over 12 months
in the ranibizumab (276 ± 23 lm) and aflibercept
(294 ± 29 lm) ‘‘treat and observe’’ groups
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Outcome of ‘‘treat and monitor’’ regimen of aflibercept
and ranibizumab in macular edema secondary to
non-ischemic branch retinal vein occlusion
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Abstract
Purpose To compare the efficacy of a modified PRN

treatment regimen (‘‘treat and monitor’’) of aflibercept
and ranibizumab in macular edema secondary to non-

ischemic branch retinal vein occlusion.

Methods Seventy eyes of 70 patients with treatment
naı̈ve branch retinal vein occlusion were enrolled. All

patients underwent a comprehensive ophthalmic

examination, spectral-domain optical coherence
tomography, and fluorescein angiography. Patients

were randomized 1:1 to receive intravitreal aflibercept

(34 eyes) and ranibizumab (36 eyes) with a ‘‘treat and
monitor’’ treatment regimen with monthly follow-up

for 12 months. Primary outcome measures included

mean change in best corrected visual acuity (BCVA)
and central foveal thickness (CFT) at month 12

compared to baseline.

Results At 12 months follow-up, the mean BCVA
improved from 0.58 ± 0.13 to 0.20 ± 0.15 logMAR

(P = 0.0003) in the aflibercept group (mean injections

2.6 ± 1.51) and from 0.52 ± 0.11 to 0.21 ± 0.1

logMAR (P = 0.0002) in the ranibizumab group

(mean injections 2.8 ± 1.78). No statistical difference
between the two groups in terms of the visual acuity

gains in eyes with macular edema secondary to non-

ischemic BRVO treated with either aflibercept or
ranibizumab was observed. Mean CFT reduced from

498 ± 46 to 204 ± 23 lm (P\ 0.0001) in the

aflibercept group and from 488 ± 31 to
212 ± 29 lm (P\ 0.0001) in the ranibizumab group.

Conclusion ‘‘Treat and monitor’’ regimen is a real-

life effective strategy in improving visual acuity after
macular edema from branch vein occlusion and in

reducing the number of injections.

Keywords Intravitreal ! Aflibercept ! Ranibizumab !
Macular edema ! Non-ischemic BRVO

Abbreviations
BRVO Branch retinal vein occlusion

VEGF Vascular endothelial growth factor

IVA Intravitreal aflibercept injection
IVR Intravitreal ranibizumab injection

BCVA Best corrected visual acuity

CFT Central foveal thickness
SD-

OCT

Spectral-domain optical coherence

tomography
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PRN vs mensuel

– AMM (anti-VEGF) : réinjections 
jusqu’à stabilité

– Puis reprise si BAV
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monthly group continued to receive injections regardless of sta-
bility criteria. Of the subjects in the monthly group who met sta-
bility criteria at the previous month, the 1-month BCVA change on
average was stable, with the mean ranging from !0.6 to þ0.5
letters.

Subgroup analysis showed that patients with BRVO in both
randomization groups did very well. At month 7, the mean
improvement from baseline BCVA letter score was 17.9 (standard
deviation, 8.4) in the monthly injection group and 20.6 (standard
deviation, 10.1) in the PRN group (Fig 3D). At the month 15 final
study visit, the mean improvement from baseline BCVA letter
score was 18.7 (standard deviation, 10.4) in the monthly injection
group and 23.3 (standard deviation, 11.4) in the PRN group. The
mean BCVA improvement was not significantly different between
the 2 treatment groups at month 7 (P ¼ 0.157), but the PRN group

Table 4. Time of Randomization (Randomized Subjects Only)

Randomization
Study Month

Monthly
(n [ 85)

Pro Re Nata
(n [ 86)

All Randomized
(n [ 202)

7 53 (62) 54 (63) 107 (63)
8 14 (17) 15 (17) 29 (17)
9 8 (9) 8 (9) 16 (9)
10 5 (6) 4 (5) 9 (5)
11 1 (1) 1 (1) 2 (1)
12 1 (1) 2 (2) 3 (2)
13 1 (1) 1 (1) 2 (1)
14 2 (2) 1 (1) 3 (2)

Data are no. (%).

Figure 3. Graphs showing observed visual outcomes.A, Mean improvement from baseline best-corrected visual acuity (BCVA) in Early Treatment Diabetic
Retinopathy Study (ETDRS) letter score. B, Mean improvement from randomization BCVA in ETDRS letter score (randomized patients only). C, Per-
centage of patients who experienced a gain from baseline ETDRS letter score of 15 or more. D and E, Visual gains in patients with branch retinal vein
occlusion (BRVO) and central retinal vein occlusion (CRVO), respectively. BRAVO ¼ Branch Retinal Vein Occlusion: Evaluation of Efficacy and Safety;
CRUISE ¼ Central Retinal Vein Occlusion Study: Evaluation of Efficacy and Safety; NR ¼ nonrandomized; PRN ¼ pro re nata (as needed); SHORE ¼
Study Evaluating Dosing Regimens for Treatment with Intravitreal Ranibizumab Injections in Subjects with Macular Edema following Retinal Vein
Occlusion.
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Monthly Versus As-Needed Ranibizumab
Injections in Patients with Retinal Vein
Occlusion
The SHORE Study

Peter A. Campochiaro, MD,1 Charles C. Wykoff, MD, PhD,2 Michael Singer, MD,3 Robert Johnson, MD,4

Dennis Marcus, MD,5 Linda Yau, PhD,6 Gary Sternberg, MD, MBA6

Objective: To compare pro re nata (PRN) and monthly injections of 0.5 mg ranibizumab in retinal vein
occlusion (RVO) patients stabilized by monthly injections.

Design: Randomized, open-label, vision-examiner masked, 15-month study.
Participants: Subjects with macular edema secondary to branch or central RVO.
Methods: Subjects received monthly injections of 0.5 mg ranibizumab for 7 months and those meeting

stability criteria between months 7 and 14 were randomized (1:1) to PRN injections versus continued monthly
injections. Non-randomized (NR) subjects (never met stability criteria) received monthly injections.

Main Outcome Measures: The primary endpoint was the slope of change in best-corrected visual acuity
(BCVA) between months 7 and 15.

Results: There was no significant difference in the slope of change in BCVA between months 7 and 15 in
patients treated PRN versus those treated with monthly injections (P¼ 0.509). Mean (" standard deviation)
change from baseline BCVA in Early Treatment Diabetic Retinopathy Study letter score at month 15 was
21.0"14.1 in the PRN group (n ¼ 82) versus 18.7"14.1 in the monthly group (n ¼ 80) and 14.5"14.7 in NR
subjects (n ¼ 13). The percentage of subjects who achieved BCVA #20/40 at month 15 was 76.8% in the
PRN group, 71.3% in the monthly group, and 46.2% in NR subjects. The mean (" standard deviation) change
from baseline central subfield thickness was $247.8"207.5 mm in the PRN group, $289.9"177.2 mm in the
monthly group, and $93.2"225.2 mm in NR subjects. There were no significant differences in mean BCVA
gains or central subfield thickness reductions at month 15 between the PRN and monthly injection groups
(all > 0.05).

Conclusions: After edema resolution from 7 or more monthly ranibizumab injections in RVO subjects,
visual outcomes at month 15 were excellent and not significantly different in subjects treated PRN
versus those who continued monthly injections. Ophthalmology 2014;121:2432-2442 ª 2014 by the American
Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.

Retinal vein occlusion (RVO) is the second most common
retinal vascular disease after diabetic retinopathy. Each year
in the United States, there are approximately 30 000 new
cases of central RVO (CRVO), in which the central retinal
vein is occluded, and 150 000 new cases of branch RVO
(BRVO), in which one of the major branches of the central
retinal vein is occluded.1 There is an increase in intraluminal
pressure behind the obstruction that leads to variable
amounts of reduced perfusion and retinal ischemia, which
seems to be dependent on the amount of preexisting arterial
disease. In ischemic retina, there is stabilization of hypoxia-
inducible factor-1, leading to increased transcription of

hypoxia-regulated genes including vascular endothelial
growth factor-A (VEGFA).2

The development of ranibizumab (Lucentis; Genentech,
Inc., South San Francisco, CA), a monoclonal Fab fragment
designed for ocular use that specifically binds all active
isoforms of vascular endothelial growth factor (VEGF),3

made it possible to test the effect of neutralizing VEGF in
patients with RVO, and even in a small trial, it was clear that
VEGF is a major contributor to macular edema.4 This has
been confirmed by 2 late-stage clinical trials: the Treatment
of Macular Edema following Branch Retinal Vein Occlu-
sion: Evaluation of Efficacy and Safety (BRAVO)5 study

2432 ! 2014 by the American Academy of Ophthalmology
Published by Elsevier Inc.
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Intérêt d’applications de suivi à domicile ?
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Alleye app for patients > Performing the Alleye test

When patients tap on TEST, they are asked 

which eye they want to test. It is important to 

choose the correct eye as the Alleye test is 

conducted on one eye at a time. The button 

for an eye will be grey instead of black if 

that eye was just tested. If patients wear 

glasses or contact lenses they should use the 

spectacles or contact lenses that provide the 

most recent and best corrected visual acuity 

for near visual tasks to perform the test.

If the app is connected with a medical 

practice, launching the app will open a menu 

screen. Patients can choose between TEST 

(perform the Alleye test), TRAINING (perform 

a shortened Alleye test), RESULTS (view 

previous results) or SETTINGS.

The Alleye test is very easy to perform. Using 

both arrow buttons, patients move the dot 

in the middle until it has been aligned with 

the outer dots to form a mental straight line. 

When patients are satisfied with the position 
of the middle dot, they tap the circle button 

between the arrow buttons. The task repeats 

until the green progress bar at the top of the 

screen is full. Patients have to align 3 dots on 

four axis (12 dots in total).

After the test has been completed, patients 

can comment on the test. They have two 

options: DONE – to store test data and receive 

feedback – or REPEAT – to restart the test. 

This feature lets them repeat a test that did 

not go well, for example because the patient 

was disturbed.

8
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Alleye app for patients > Displaying test results
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EYE RIGHT
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Alongside with the score values, Alleye 
provides a color scheme to help interpreting 
the performance in context with previous 
tests. The green color indicates stable or 
improved performance, the yellow color 
indicates a slight worsening and the red color 
a considerable worsening of the performance 
compared to a good previous test result. 

Test results are visualized with two elements: 
a color and a score.

If three tests in a row remain red, this 
indicates a sustained low performance. In this 
case, we advise patients to contact the eye 
care professional.

The score values range from 0 to 100 points. 
The following page provides a detailed 
explanation of both the score values and the 
color scheme. 
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Comparison of Monthly vs Treat-and-Extend Regimens
for Individuals With Macular Edema Who Respond
Well to Anti–Vascular Endothelial Growth Factor Medications
Secondary Outcomes From the SCORE2
Randomized Clinical Trial
Ingrid U. Scott, MD, MPH; Paul C. VanVeldhuisen, PhD; Michael S. Ip, MD; Barbara A. Blodi, MD; Neal L. Oden, PhD; Michael Altaweel, MD;
Daniel M. Berinstein, MD; for the SCORE2 Investigator Group

IMPORTANCE Comparisons of monthly vs treat-and-extend anti–vascular endothelial growth
factor (anti-VEGF) regimens for macular edema from central retinal vein occlusion or
hemiretinal vein occlusion is needed.

OBJECTIVE To compare visual acuity letter score and central subfield thickness outcomes of
participants in the Study of Comparative Treatments for Retinal Vein Occlusion 2 (SCORE2)
trial who then received either monthly injections or treat-and-extend (TAE) regimens of
aflibercept or bevacizumab after a good response at month 6.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial enrolled participants from
66 private practice or academic centers in the United States. All participants had macular
edema associated with central retinal vein occlusion or hemiretinal vein occlusion, had
enrolled in the SCORE2 trial, and had a protocol-defined good response to monthly injections
in the first 6 months of the trial. Participants initially assigned to receive monthly aflibercept
were randomized to aflibercept on a monthly or TAE schedule, and participants initially
assigned to receive monthly injections of bevacizumab were randomized to receive
bevacizumab on a monthly or TAE schedule. The first participant was randomized in the
SCORE2 trial on September 17, 2014, and the last month 12 visit occurred on October 24,
2016.

MAIN OUTCOMES AND MEASURES Change from month 6 to month 12 in best–corrected
electronic visual acuity letter score (per the Early Treatment Diabetic Retinopathy Study).

RESULTS The 293 participants had a mean (SD) age of 68.9 (11.9) years; 127 (43.3%) were
female. Of these, 79 were randomized to aflibercept on a monthly schedule, 80 to aflibercept
on a TAE schedule, 67 to monthly bevacizumab, and 67 to bevacizumab on a TAE schedule.
Mean treatment group difference (the change in visual acuity letter score in the monthly
group minus the change in the TAE group) from month 6 to month 12 was 1.88 (97.5% CI,
−1.07 to 4.83; P = .15) for aflibercept and 1.98 (97.5% CI, −1.08 to 5.03; P = .15) for
bevacizumab. In the aflibercept arm, the mean number of injections between months 6 and
11 was 5.8 in the monthly injection group (95% CI, 5.6 to 5.9) and 3.8 in the TAE group (95%
CI, 3.5 to 4.1; P < .001); in the bevacizumab arm, the mean number of injections was 5.8 (95%
CI, 5.6 to 5.9) in the monthly group and 4.5 in the TAE group (95% CI, 4.2 to 4.8; P < .001).

CONCLUSIONS AND RELEVANCE One to 2 fewer injections of aflibercept or bevacizumab were
given to the TAE groups than the monthly groups in months 6 to 12 for macular edema
associated with central retinal or hemiretinal vein occlusion. Because of wide confidence
intervals on the differences between the groups, caution is warranted before concluding that
the regimens are associated with similar vision outcomes.

TRIAL REGISTRATION www.clinicaltrials.gov identifier: NCT01969708

JAMA Ophthalmol. 2018;136(4):337-345. doi:10.1001/jamaophthalmol.2017.6843
Published online February 24, 2018.
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monthly and TAE groups for both the aflibercept and bevaci-
zumab arms was consistent with other visits before month 12
(eTable 3 in the Supplement, Figure 1 and Figure 2).

In the aflibercept arm, the mean CST measured by SD-
OCT at month 12 was 237 μm in the monthly group and 238
μm in the TAE group (Figure 3). Both the monthly and TAE
groups for the aflibercept arm had small increases (worsen-
ing) in CST as measured by SD–OCT from month 6 to month
12 (12.5 μm and 15.1 μm, respectively) (Figure 4; eTable 4 in
the Supplement). The estimated difference between treat-
ment groups (monthly minus TAE) in mean CST change from

month 6 to month 12 was −5.2 μm (95% CI, −26.7 to 16.5;
P = .64). Further, 38 participants in the monthly group (52%)
and 28 in the TAE group (38%) had resolution of macular edema
at month 12, although the odds of resolution of macular edema,
averaged over months 7 to 12, was 2.32 times higher in the
monthly group compared with the TAE group, which is sta-
tistically significant after correction for multiple testing (95%
CI, 1.38 to 3.90; P = .002; eFigure 2 in the Supplement).

For the participants receiving bevacizumab, the mean CST
measured by SD-OCT at month 12 was 245 μm in the monthly
group and 268 μm in the TAE group (Figure 3). The monthly

Figure 1. Mean Visual Acuity Letter Score Over Time
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A, Within the aflibercept group, the
mean difference in the monthly
minus treat-and-extend treatment
group over months 7 through 12 was
2.67 (95% CI, −2.17 to 7.52; P = .28).
B, Within the bevacizumab group, the
mean difference in the monthly
minus treat-and-extend treatment
groups over months 7 to 12 was 0.65
(95% CI, −3.46 to 4.77; P = .75). Both
images show means before and after
the randomization at 6 months.

Table. Visual Acuity and Central Subfield Thickness Outcomes

Outcome

Aflibercept Study Arm Bevacizumab Study Arm

Monthly Group
Treat-and-Extend
Group Estimate of

Difference
Between Groups
(CI)

P
Value

Monthly Group Treat-and-Extend Group Estimate of
Difference
Between Groups
(CI)

P
ValueNo. (%) Mean (SD) No. (%)

Mean
(SD) No. (%)

Mean
(SD) No. (%) Mean (SD)

Visual acuity letter score

6 mo 79
(100)

72.1
(15.7)

80
(100)

72.0
(17.0)

67
(100)

73.8
(12.3)

67
(100)

74.4
(13.0)

12 mo 78
(99)

72.7
(17.3)

76
(95)

71.6
(16.4)

1.85
(−3.42 to 7.12)a

.49 66
(99)

75.2
(13.1)

65
(97)

74.0
(14.0)

1.27
(−3.31 to 5.85)a

.59

Change
from
month
6 to 12b

78
(99)

0.8
(10.5)

76
(95)

−1.2
(9.2)

1.88
(−1.07 to 4.86)c

.15 66
(99)

1.6
(8.9)

65
(97)

-0.4
(9.8)

1.98
(−1.08 to 5.03)c

.15

Central subfield thickness (μm)d

6 mo 77
(97)

223
(43)

74
(93)

225
(48)

66
(99)

261
(79)

67
(100)

251
(71)

12 mo 72
(91)

237
(108)

72
(90)

238
(84)

−3.52
(−28.25 to 21.21)a

.78 64
(96)

245
(64)

64
(96)

268
(130)

−25.77
(−60.61 to 9.07)a

.15

Change
from
month
6 to 12

71
(90)

12.5
(105.8)

68
(85)

15.1
(85.1)

−5.2
(−26.87 to 16.47)a

.64 64
(96)

−16.2
(74.5)

64
(96)

17.1
(109.8)

−35.01
(−63.95 to
−6.07)a

.02e

Resolution
of
macular
edema

No./Total
No. (%)

No./
Total
No. (%)

Odds Ratio
(95% CI)

No./
Total
No. (%)

No./ Total
No. (%)

Odds Ratio
(95% CI)

6 mo 50/78
(64)

42/78
(54)

23/67
(34)

26/67
(39)

12 mo 38/73
(52)

28/74
(38)

1.18
(0.61 to 2.26)

.62 23/66
(35)

26/64
(41)

0.71
(0.35 to 1.42)

.33

a 95% CI.
b The primary outcome was the mean difference in treatment group outcomes

(monthly minus TAE) from month 6 to 12.
c 97.5% CI.

d Central subfield thickness scores were obtained via spectral-domain optical
coherence tomography.

e Not significant after correction for multiple testing.
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group in the bevacizumab arm had a small decrease (im-
provement) in CST as measured by SD-OCT from month 6 to
month 12, of 16.2 μm; the TAE group of the bevacizumab arm
experienced a small increase (worsening) in CST as measured
by SD-OCT at month 12, of 17.1 μm (Figure 4; eTable 4 in the
Supplement). The estimated difference in mean CST change
by treatment groups (monthly minus TAE) from month 6 to
month 12 was −35.0 μm, which was not significant after cor-
rection for multiple testing. The odds of resolution of macu-
lar edema did not significantly differ between the monthly
and TAE arms (Table, eFigure 2 in the Supplement).

Between month 6 and month 12, ocular adverse events
of interest in the study eye were rare (eTable 5 in the
Supplement). One case of infectious endophthalmitis
occurred in a participant in the monthly group taking
aflibercept, and 1 case of culture-negative endophthalmitis
occurred in a participant in the monthly group taking
bevacizumab. Five or fewer participants across the 4 groups
had intraocular pressure higher than 10 mm Hg over base-
line. A nonfatal cerebrovascular accident occurred in 1
aflibercept-TAE participant (1.3%), and a non-fatal cerebro-
vascular accident and 2 deaths (caused by cardiorespiratory

Figure 3. Mean Central Subfield Thickness
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A, Within the aflibercept group, the
mean difference between monthly
minus treat-and-extend treatment
groups over months 7 through 12 was
−12.29 (95% CI, −28.28 to 3.69;
P = .13). B, Within the bevacizumab
group, the mean difference between
monthly minus treat-and-extend
treatment effect over months 7
through 12 was −14.77 (95% CI,
−40.33 to 10.79; P = .26). Both
images show means before and after
secondary randomization at 6
months.

Figure 4. Central Subfield Thickness Mean Change in Months 7 Through 12
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A and B both depict means from
months 7 through 12 only. Each mean
line is surrounded by a shaded area
depicting pointwise 95% CIs about
the means. The overlap between the
shaded areas roughly depicts times
when the means do not statistically
differ.

Figure 2. Visual Acuity Letter Score Mean Change in Months 7 Through 12
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A and B both depict means from
months 7 through 12. Each mean line
is surrounded by a shaded area
depicting pointwise 95% CIs about
the means. The overlap between the
shaded areas roughly depicts times
when the means do not statistically
differ.
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eTable 2: Description of Anti-VEGF Treatments between Months 6 and before Month 12 Visit 

 

Aflibercept Bevacizumab 
Monthly 
(N=79) 

Treat and Extend 
(N=80) 

Monthly 
(N=67) 

Treat and Extend 
(N=67) 

Anti-VEGF Injections 
    

Mean* (SD) 5.8 (0.7) 3.8 (1.2) 5.8 (0.7) 4.5 (1.2) 
 P<0.001 P<0.001 
Min, Median, Max  2, 6, 6 1, 3, 6 3, 6, 6 1, 5, 6 

Average days between injections within participants*  
Mean days (SD) 29.6 (4.3) 46.8 (18.4) 29.4 (5.0) 39.6 (8.6) 
 P<0.001 P<0.001 

Longest extension between injections for TAE schedule within participant 
 

NA 

  

NA 

  
4-weeks 11 (13.8%) 20 (29.9%) 
6-weeks 14 (17.5%) 17 (25.4%) 
8-weeks 45 (56.3%) 24 (35.8%) 
10-weeks 10 (12.5%) 6 (9.0%) 

 P=0.03** comparing Aflibercept TAE to Bevacizumab TAE (chi-square 3 df test) 
TAE patterns       

Never extending 

NA 

11 (13.8%) 

NA 

20 (29.9%) 
Always extending 45 (56.3%) 21 (31.3%) 
Some extending, but also re-
set back to 4-week intervals 

24 (30.0%) 26 (38.8%) 

 P=0.006** comparing Aflibercept TAE to Bevacizumab TAE (chi-square 2 df test) 
Total number of Injections 454  303 387 304 

Percent of injections within 
+/- 7 days of injection date 
target 

91% 96% 93% 95% 

TAE=Treat and Extend; SD=standard deviation 
*Among those with 2 or more injections. N=78 for Aflibercept TAE and N=66 for Bevacizumab TAE. 
** Not significant after correction for multiple testing.

© 2018 American Medical Association. All rights reserved. 
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Jusqu’à quand ?
OBVR
• Arrêt des injections : 50%

OVCR
• Arrêt des injections : 44%

Campochiaro PA & al. Ophthalmology. 2014 Jan;121(1):209–19

(20/32) in patients with resolved edema compared with 56.1
(20/80) in patients with unresolved edema (P ¼ 0.01; Fig 4E).
Mean CFT was 263.4 mm in the unresolved group compared
with 171.3 mm (P ¼ 0.1) in the resolved group (Fig 4F), and
the mean number of injections during the 4-year period was
28.5 versus 8.7, respectively (P< 0.001; Fig 4G). Nine patients
with CRVO required ranibizumab injections on consecutive
visits and qualified for scatter photocoagulation. The mean
follow-up after the last laser treatment was 11.6 months, and
resolution of edema occurred in only 1 of the 9 patients during
that time.

Comparison of baseline characteristics for BRVO or CRVO
patients who had resolution of edema and those who did not
showed that the latter had a higher mean age and were significantly

more likely to have hypertension (Table 4). Interestingly, severity
of edema based on high center point thickness did not predict
failure to resolve.

Detailed Analysis of 6 Patients with Central
Retinal Vein Occlusion Who Experienced Loss
of Vision
Details of the course of CRVO patients who lost vision (Table 5,
available at http://aaojournal.org) suggest the following. First, the
patient who lost 32 letters had an abrupt loss of 34 letters
associated with severe recurrent macular edema during
HORIZON that could not be recovered thereafter (Fig 6,
available at http://aaojournal.org). There was no edema at the last

Figure 1. Graphs showing that patients with branch retinal vein occlusion treated with ranibizumab have an excellent long-term outcome. A, Mean best-
corrected visual acuity (BCVA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letter score is plotted at 6-month intervals from first entry into
the Ranibizumab for the Treatment of Macular Edema following Branch Retinal Vein Occlusion: Evaluation of Efficacy and Safety (BRAVO) study. B,
Mean central foveal thickness (CFT; center point thickness by Stratus optical coherence tomography [Carl Zeiss Meditec, Inc., Dublin, CA]) is plotted at
6-month intervals from first entry into BRAVO. Dark gray line represents a value of 172 mm, the mean CFT reported in normal patients. C, Mean number of
injections per 6-month interval from first entry into BRAVO. D, Final change in BCVA (DBCVA) plotted against the time after BRAVO baseline when
the last injection of ranibizumab was given for resolved patients (no edema for at least 6 months [M] after last injection of ranibizumab; gray square),
unresolved patients (black circle), and unresolved patients who required rare injections (white circle). E, Mean BCVA plotted at 6-month intervals for
resolved patients (no edema for at least 6 months after last injection of ranibizumab; gray) versus unresolved patients (black). F, Mean CFT plotted at
6-month intervals for resolved (gray) versus unresolved (black) patients. Dark gray line represents a value of 172 mm, the mean CFT reported in normal
patients. G, Mean number of injections per 6-month interval for resolved (gray) versus unresolved (black) patients.

Ophthalmology Volume -, Number -, Month 2013

6

visit, and fundus photography and fluorescein angiography at the
RETAIN study baseline showed pigmentary changes in the
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available at http://aaojournal.org). Fundus photography and
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Figure 4. Graphs showing that patients with central retinal vein occlusion treated with ranibizumab have good long-term outcomes. A, Mean best-corrected
visual acuity (BCVA) in Early Treatment Diabetic Retinopathy Study (ETDRS) letter score plotted at 6-month intervals from first entry into the Rani-
bizumab for the Treatment of Macular Edema after Central Retinal Vein Occlusion Study: Evaluation of Efficacy and Safety (CRUISE) study. B, Mean
central foveal thickness (CFT; center point thickness by Stratus optical coherence tomography [Carl Zeiss Meditec, Inc., Dublin, CA]) plotted at 6-month
intervals from first entry into CRUISE. Dark gray line represents a value of 172 mm, the mean CFT reported in normal patients. C, Mean number of
injections per 6-month interval from first entry into CRUISE. D, Final change in BCVA (DBCVA) plotted against the time after CRUISE baseline when
the last injection of ranibizumab was given for resolved patients (no edema for at least 6 months [M] after last injection of ranibizumab [gray square] and
unresolved patients [black circle]). E, Mean BCVA plotted at 6-month intervals for resolved patients (gray) versus unresolved patients (black). F, Mean CFT
plotted at 6-month intervals for resolved (gray) versus unresolved (black) patients. Dark gray line represents a value of 172 mm, the mean CFT reported in
normal patients. G, Mean number of injections per 6-month interval for resolved (gray) versus unresolved (black) patients.
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Long-term Outcomes in Patients with Retinal
Vein Occlusion Treated with Ranibizumab
The RETAIN Study
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David S. Boyer, MD,4 Jeffrey S. Heier, MD,5 Dennis M. Marcus, MD,6 Leonard Feiner, MD, PhD,7
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Objective: To determine long-term outcomes of patients with ranibizumab-treated retinal vein occlusion
(RVO).

Design: Prospective follow-up of a subset of patients from 2 phase 3 trials.
Participants: Thirty-four patients with branch RVO (BRVO) and 32 with central RVO (CRVO) who completed

the Genentech-sponsored ranibizumab study RVO trials.
Methods: Patients seen every month in year 1 and at least every 3 months in year 2 were treated with

ranibizumab for intraretinal fluid. Patients requiring injections on consecutive visits were treated with ranibizumab
plus scatter photocoagulation.

Main Outcome Measures: Mean improvement in best-corrected visual acuity (BCVA) and percentage of
patients with edema resolution.

Results: With a mean follow-up of 49.0 months, 17 of 34 BRVO patients (50%) had edema resolution defined
as no intraretinal fluid for 6 months or more after the last injection. The last injection was given within 2 years of
treatment initiation in 76%. The mean number of injections required in unresolved patients in year 4 was 3.2. In
patients with resolved edema mean improvement in BCVA was 25.9 letters versus 17.1 letters (P ¼ 0.09) in
unresolved patients, and in both groups, approximately 80% had a final BCVA of 20/40 or better. With a mean
follow-up of 49.7 months, 14 of 32 CRVO patients (44%) had edema resolution, with 71% receiving their last
injection within 2 years of treatment initiation. The mean number of injections in unresolved patients in year 4 was
5.9. Compared with patients with unresolved CRVO, patients with resolved disease had greater improvement in
BCVA (25.2 vs. 4.3 letters; P ¼ 0.002), and a greater percentage had a final BCVA of 20/40 or better (64.3% vs.
27.8%; P ¼ 0.04). Nine patients with BRVO and 9 with CRVO received scatter photocoagulation, and with mean
follow-up of 9 months (BRVO) and 11 months (CRVO) after last laser, only 1 in each group had resolution of
edema.

Conclusions: Long-term outcomes in BRVO patients treated with ranibizumab were excellent, and although
half still required occasional injections after 4 years, they maintained good visual potential. A substantial minority
(44%) of patients with ranibizumab-treated CRVO had edema resolution and a good outcome within 4 years, but
most (56%) still required frequent injections, had reduced visual potential, and have a guarded prognosis.

Financial Disclosure(s): Proprietary or commercial disclosure may be found after the references.
Ophthalmology 2013;-:1e11 ª 2013 by the American Academy of Ophthalmology.

*Group members listed online in the Appendix (http://aaojournal.org).

Patients with central retinal vein occlusion (CRVO) have
reduced vision, retinal hemorrhages, macular edema, and
variable amounts of retinal nonperfusion (RNP). The
presentation of patients with branch retinal vein occlusion
(BRVO) is similar but less severe on average than that seen in
patients with CRVO because venous return is compromised
in approximately one quarter to one half of the retina, rather
than the entire retina. Vascular endothelial growth factor
(VEGF) plays an important role in the pathogenesis of
macular edema in both CRVO and BRVO. Neutralization of
VEGF by intraocular injections of ranibizumab (Lucentis;

Genentech, Inc., South San Francisco, CA), a Fab fragment
that specifically binds all isoforms of VEGF-A, reduces
macular edema and improves vision.1 The Ranibizumab for
the Treatment of Macular Edema after Central Retinal Vein
Occlusion Study: Evaluation of Efficacy and Safety
(CRUISE) trial demonstrated that injection of 0.3 or 0.5 mg
of ranibizumab every month for 6 months in patients with
CRVO resulted in improvements in best-corrected visual
acuity (BCVA) of 12.7 and 14.9 letters, respectively,
compared with 0.8 letter in the sham group.2 The
Ranibizumab for the Treatment of Macular Edema

1! 2013 by the American Academy of Ophthalmology ISSN 0161-6420/13/$ - see front matter
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.ophtha.2013.08.038
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Comparaison anti-VEGF / corticoïdes

– 72 OVCR, délai 6 à 7 mois :
• Triamcinolone 4mg : 42
• Bevacizumab : 30

– Suivi > 3mois (7.8 ±4.3)
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Nombre injections

• Triam. : 1 à 2
– 1.3 ±0.4

• Beva. : 1 à 6
– 2.7 ±1.8
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HTO

43%

14%
10%

2%

Triamcinolone

> 21 mmHg > 30 mmHg

> 35 mmHg > 40 mmHg

Bevacizumab : pas de variation TO
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RETINAL DISORDERS

Intravitreal dexamethasone implant versus anti-VEGF injection
for treatment-naïve patients with retinal vein occlusion
and macular edema: a 12-month follow-up study
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Abstract
Purpose The objective of his study was to compare the visual
and anatomical outcomes in treatment-naïve patients with
macular edema secondary to retinal vein occlusion after intra-
vitreal injections of dexamethasone implants (DEX) and anti-
VEGF.
Methods One hundred two patients (64 in the anti-VEGF
group, 38 in the DEX group) without previous treatment were
included in this multi-center retrospective study and evaluated
at baseline and 1, 3, 6, and 12 months after the onset of treat-
ment. Patients were defined as "good responders" if central
macular thickness (CMT) was less than or equal to 250 μm in
TD-OCT or 300 μm in SD-OCT after the injections.
Results At month 3 (n=102), BCVA had increased signifi-
cantly, by 0.1±0.3 logMAR in the anti-VEGF group (p=
0.04) and 0.4±0.4 logMAR in the DEX group (p<0.001);
the difference between the two groups was statistically

significant (p=0.007). CMT decreased significantly, by 138
±201 μm (−19 %, p<0.001) in the anti-VEGF group and 163
±243 μm (−21 %, p<0.001) in the DEX group. After
3 months, five patients (13 %) in the DEX group and 20
(31 %) in the anti-VEGF group (p<0.001) changed treatment.
Among the 77 patients who did not switch from their initial
treatment, no significant functional or anatomical difference
between the two groups was observed at months 6 and 12.
Elevation of intraocular pressure>21 mmHg was more fre-
quent in the DEX group (21 %) than in the anti-VEGF group
(3 %, p=0.008).
Conclusions Visual acuity recovery was better in the DEX
group than in the anti-VEGF group at month 3, but with no
difference in CMT. In patients who did not change treatment,
the long-term anatomical and visual outcome was similar be-
tween the DEX and anti-VEGF groups.

Keywords Dexamethasone implant . Anti-VEGF .

Ranibizumab . Bevacizumab . Retinal vein occlusion .

Macular edema

Introduction

Macular edema (ME) remains the most frequent complication
of central [1, 2] and branch retinal vein occlusion [3].
Research has shown that ME leads to visual deterioration,
with some studies reporting visual acuity (VA) less than 20/
40 after 3 years [1, 4, 5]. Since 2005, there has been extensive
research on recombinant monoclonal antibodies against hu-
man vascular endothelial growth factor (VEGF), either the
full-length recombinant antibody (bevacizumab) or the Fab
fragment that specifically binds all isoforms of VEGF-A
(ranibizumab) [6–10]. The dexamethasone intravitreal im-
plant (DEX) is a water-soluble synthetic glucocorticoid that

Preliminary results were presented in part at the meeting of the French
Society of Ophthalmology (SFO) in 2013.
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by 0.1±0.4 logMAR (p=0.02), but there was a non-significant
increase at month 12 (increase by 0.1±0.5 logMAR, p=0.1).
In the DEX group, BCVA was significantly increased from
baseline at both month 6 (0.3±0.4 logMAR (p=0.001) and
month 12 (0.3±0.5 logMAR (p=0.005). There was no signif-
icant difference between the two groups in terms of increased
VA at either the 6-month or 12-month visits.

Central macular thickness

At month 3, mean CMT values in the anti-VEGF Group (430
±160 μm) were significantly higher (p=0.04) than those of
the DEX group (368±141 μm) (Fig. 3). CMT had decreased
significantly, by 138±201 μm (−19 %, p<0.001) in the anti-
VEGF group and 163±243 μm (−21%, p<0.001) in the DEX
group. There was no statistically significant difference in
CMTchanges from baseline between the two groups (p=0.8).

At month 6 (Fig. 4), there was no significant difference (p=
0.2) between CMTmean values in the anti-VEGF group (409
±158 μm) and the DEX group (378±164 μm). CMT de-
creased by 138±207 μm (−20 %) in the anti-VEGF group

(p=0.001) and 153±234 μm (−17 %) in the DEX group
(p=0.001). The CMT values from baseline were not statisti-
cally different between the two groups (p=0.2)

At month 12 (Fig. 4), there was no significant difference
(p=0.5) in mean CMT values between the anti-VEGF (342±
140 μm) and DEX (386±192 μm) groups. CMT was de-
creased by 210±211 μm (−32 %) in the anti-VEGF group
(p<0.001) and 137±178 μm (−20 %) in the DEX group
(p=0.005). There was no statistically significant difference
in change in CMT values from baseline between the two
groups (p=0.2).

The frequency of Bgood responders^was significantly low-
er in the anti-VEGF group (11 %) than in the DEX group
(28 %) at M1 (p=0.04). There was no longer a significant
difference between the two groups at M3 (9 % vs 13 %)
(Fig. 5a). Within the population that had not changed treat-
ment (n=77), the Bgood-responder^ rate was similar between
the two groups, 11 % at month 6 and 25 % at month 12 in the
anti-VEGF group, and 21 % and 26 % in the DEX group at
months 6 and 12, respectively (Fig. 5b).

Fig. 1 Visual acuity at 1-month (M1) and 3-month (M3) visits for the
102 treatment-naïve patients. There was no significant difference in mean
BCVAvalues at baseline (p=0.06), M1 (p=0.06), orM3 (p=0.5) between
the anti-VEGF and DEX groups.

Fig. 2 Visual acuity at the 6-month (M6) and 12-month (M12) visits for
the 77 treatment-naïve patients. No significant difference in mean
BCVAvalues were noted between the two groups at M6 (p=0.1) or M12
(p=0.2).

Fig. 3 CMT in both groups at 1-month (M1) and 3-month (M3) visits for
the 102 treatment-naïve patients. At M3, there was a statistically
significant difference (p=0.04) in the mean CMT value between the
two groups. However, CMT changes from baseline were not
significantly different between the two groups (p=0.8)

Fig. 4 CMT in both groups at the 6-month (M6) and 12-month (M12)
visits for the 77 treatment-naïve patients. There was no significant
difference in mean CMT values between the two groups at M6 (p=0.2)
or M12 (p=0.5).
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Intravitreal injection

During the follow-up, patients received 6±1.5 injections in the
anti-VEGF group and 1.6±0.6 intravitreal injections (IVIs) in
the DEX group. The period between two injections was 1.7±
1.2 months and 3.3±3.6 months in the anti-VEGF and DEX
groups, respectively.

Adverse events

Ocular hypertension defined as an intraocular pressure
(IOP)>21 mmHg occurred significantly more frequently in
the DEX group than in the anti-VEGF group (21 % and
3.1 %, respectively; p=0.008). No endophthalmitis or ocular
inflammation was noted during the follow-up. Three patients
(7.9 %) in the DEX group versus seven patients (10.9 %) in
the anti-VEGF group had cataract surgery during the follow-
up period (p>0.05).

Discussion

In patients naïve to any therapeutic intervention for ME, this
non-randomized interventional study demonstrated that over

the short term (3 months), the DEX implant induced greater
improvement in VA than three anti-VEGF injections, with
similar anatomical (OCT) results and a lower switch rate.
For patients who underwent the same treatment for 12months,
the longer-term results (months 6 and 12) were similar be-
tween the two treatments with regard to VA, retinal thickness,
and good-responder rates as defined by OCT measurements.

This study is unique in that it reports the first-line use of
DEX and anti-VEGF therapy in treatment-naïve patients un-
der conditions of daily practice, which differ from those of
randomized studies in which the choice of therapy was depen-
dent on the patients' ophthalmological and systemic history. In
addition, our results at 6 and 12 months take into account only
patients who did not change treatments (for reasons of effica-
cy, compliance, or side effects), and therefore reflect the effi-
cacy of a medication in optimal conditions of use. Results
analyzed in a Breal-life environment^ could thus differ signif-
icantly from the Bintention to treat^ analysis normally used in
randomized trials. Our results may overestimate the efficacy
of one or both treatments. Among studies including patients
who were naïve to any treatment, only three have investigated
patients with BRVO [20, 27, 28] and five have studied patients
with CRVO [27–31]. The absence of prior treatment suggests
that the time to treatment is often shorter and there is less
inclusion bias (patients presenting significant recurrence or
resistance to treatment). On the other hand, prior treatment is
susceptible to introducing greater response variability.

Two therapeutic families, DEX and anti-VEGFs, are cur-
rently authorized for use in treating RVO. Macular edema in
retinal vein occlusion results in the rupture of the
hematoretinal barrier via two associated processes: one
hemorheologic, with an increase in venous pressure, and one
metabolic, with secretion of angiogenic factors (VEGF) and
pro-inflammatory substances [32]. Dexamethasone has an
anti-inflammatory action, including reduction in vascular per-
meability, inhibition of inflammatory cell migration, stabiliza-
tion of the tight junctions of endothelial cells, and inhibition of
VEGF synthesis, cytokines (IL-6, IL-8, MCP-1), and prosta-
glandins [33, 34]. Ranibizumab inhibits endothelial cell pro-
liferation and reduces vascular permeability by blocking the
liaison between VEGF-A and its receptor [35]. There are cur-
rently at least five ongoing prospective randomized studies
comparing the efficacy of DEX and ranibizumab (see clinical
trials NCT01427751, NCT01231633, NCT01580020,
NCT01827722, and NCT01427751). One published study
(31 treatment-naïve eyes with CRVO) compared the efficacy
of intravitreal injections of triamcinolone and bevacizumab
[19], demonstrating no significant differences between the
two groups in terms of VA or CMT at 3, 6, and 9 months.
Given the paucity of comparative data between DEX and anti-
VEGF [36, 37], we analyzed the results obtained with these
two treatments over the short (3-month) and intermediate (12-
month) terms. Before treatment, the two groups of patients in

Fig. 5 a Good-responder rate at 1-month (M1) and 3-month (M3) visits
for the 102 treatment-naïve patients. The number of Bgood responders^
was significantly lower in the anti-VEGF group than in the DEX group at
M1 (p=0.04). There was no significant difference between the two
groups at M3. b Good-responder rate at 6-month (M6) and 12-month
(M12) visits for the 77 treatment-naïve patients. There was no
significant difference between the two groups at M6 or M12.
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Ozurdex semble moins efficace que les anti-VEGF
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ABSTRACT.
Purpose: To compare the efficacy and safety of ranibizumab 0.5 mg versus
dexamethasone 0.7 mg according to their European labels in macular oedema
secondary to branch retinal vein occlusion (BRVO) in a 6-month, phase IIIb,
randomized trial.
Methods: Patients receivedeithermonthlyranibizumabfor3 months followedbyPro
re nata (PRN) treatment (n = 126) or a sustained-release dexamethasone implant
followedbyPRNshaminjections(n = 118).Mainoutcomesweremeanaveragechange
inbest-correctedvisualacuity(BCVA)frombaselinetomonth1throughmonth6,mean
changes inBCVAand foveal centre point thickness (FCPT), andadverse events (AEs).
Results: There was no difference in BCVA gains between the treatments prior to
month 3. Best-corrected visual acuity (BCVA) gain with dexamethasone declined
thereafter. From month 3 to month 6, mean BCVA change from baseline was
significantly higher with ranibizumab than with dexamethasone [rawmeans (standard
deviation):+16.2 (!11) letters versus+9.3 (!10.1) letters].Atmonth6, thedifference in
BCVA gains from baseline was +17.3 letters in the ranibizumab versus +9.2 letters in
the dexamethasone group. Patients in the ranibizumab group received a mean of 2.94
loading injections and 1.74 PRN retreatment injections, while those in the dexam-
ethasonegroup receiveda single loading injection.Elevated intraocular pressure (IOP)
and AEs were more frequent with dexamethasone than ranibizumab treatment.
Conclusion: Ranibizumab PRN resulted in greater visual acuity (VA) gains in
macular oedema following BRVO compared with single-dose dexamethasone
over a 6-month study period, observed from month 3, when administered
according to their European label. In clinical practice, retreatment with
dexamethasone may be required prior to this point.

Key words: branch retinal vein occlusion – dexamethasone – PRN – ranibizumab
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Introduction
Macular oedema is the most frequent
cause of visual impairment in patients

with branch retinal vein occlusion
(BRVO) (Bertelsen et al. 2012). Until
recently, grid laser photocoagulation

was the standard of care for the treat-
ment of macular oedema due to BRVO
in patients with visual acuity (VA) ≤20/
40 and duration >3 months (BRVO
Study Group 1984; Shah et al. 2011;
Pielen et al. 2015). This treatment is
known to slow down the progression of
vision loss, although its longer-term
results are limited and improvement in
vision is uncommon (BRVO Study
Group 1984; Tan et al. 2014; Pielen
et al. 2015). Treatment of macular
oedema secondary to BRVO with anti-
vascular endothelial growth factor
(VEGF) agents or corticosteroids has
gained widespread acceptance in recent
years (Pielen et al. 2013; Szurman et al.
2016). Indeed, this is reflected in
the newly published guidelines (July
2015) on RVO by the Royal College
of Ophthalmologists. Ranibizumab
(Lucentis!; Novartis Pharma AG,
Basel, Switzerland, and Genentech
Inc., South San Francisco, CA, USA)
and the dexamethasone intravitreal
implant (OZURDEX!; Allergan Inc.,
Irvine, CA, USA) are among the rec-
ommended first-line treatments in the
UK, Europe and USA (Pielen et al.
2013; Sivaprasad et al. 2015).

Ranibizumab is a humanized mono-
clonal antibody fragment (Fab) lacking
the Fc domain that selectively binds to
and inhibits all active isoforms of VEGF-
A (Ferrara et al. 2006). Ranibizumab
0.5 mgwas approved in June 2010 by the
United States Food and Drug Adminis-
tration (US FDA) and by the European
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! PURPOSE: To compare the efficacy and safety of the
European labels of ranibizumab 0.5 mg vs dexamethasone
0.7 mg in patients with macular edema secondary to cen-
tral retinal vein occlusion (CRVO).
! DESIGN: Phase IIIb, multicenter, double-masked, ran-
domized clinical trial.
! METHODS: Patients were randomized (1:1) to receive
either monthly ranibizumab followed by pro re nata
(PRN) treatment (n[ 124) or 1 sustained-release dexa-
methasone implant followed by PRN sham injections
(n [ 119). Main outcomes were mean average change
in best-corrected visual acuity (BCVA) from baseline to
month 1 through month 6, mean change in BCVA, and
adverse events (AEs).
! RESULTS: Of 243 patients, 185 (76.1%) completed the
study. No difference was observed in BCVA between
ranibizumab and dexamethasone at months 1 and 2.
From month 3 to month 6, there was significant differ-
ence in BCVA gains in favor of ranibizumab. At month
6, mean average BCVA gain was significantly higher

with ranibizumab than with dexamethasone (12.86 vs
2.96 letters; difference 9.91 letters, 95% confidence
interval [6.51–13.30]; P < .0001). Mean injection
number of ranibizumab was 4.52. Ocular AEs were re-
ported in more patients in the dexamethasone than in
the ranibizumab group (86.6% vs 55.6%).
! CONCLUSIONS: Using the European labels, similar effi-
cacy was observed for ranibizumab and dexamethasone at
months 1 and 2. However, ranibizumab maintained its
efficacy throughout the study, whereas dexamethasone
declined from month 3 onward. The main limitation of
the study was that dexamethasone patients received
only a single treatment during the 6-month study. In clin-
ical practice, dexamethasone retreatment may be required
earlier than 6 months. Safety findings were similar to
those previously reported. (Am J Ophthalmol
2016;169:258–267. ! 2016 Elsevier Inc. All rights
reserved.)

M ACULAR EDEMA SECONDARY TO CENTRAL

retinal vein occlusion (CRVO) is a common
retinal vascular disease associated with rapid

vision loss.1,2 Two treatment options—anti–vascular
endothelial growth factors (anti-VEGFs) and
corticosteroids—with different mechanisms of action are
available for the treatment of macular edema secondary
to CRVO.3 Ranibizumab (Lucentis; Novartis Pharma
AG, Basel, Switzerland, and Genentech Inc, South San
Francisco, California, USA), a humanized monoclonal
antibody fragment (Fab), was the first anti-VEGF agent
approved for the treatment of macular edema secondary
to CRVO.4

Ranibizumab 0.5 mg was approved in June 2010 by the
United States Food and Drug Administration (US FDA)
based on the 6-month results of a phase III, randomized,
double-masked controlled trial—Central Retinal vein oc-
clUsIon Study: Evaluation of efficacy and safety trial
(CRUISE).5 In the CRUISE study, a statistically signifi-
cant improvement in the mean best-corrected visual acuity
(BCVA) was observed with monthly ranibizumab 0.5 mg
injections vs sham at month 6 (14.9 vs 0.8 letters,
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BCVA from baseline between ranibizumab and dexameth-
asone intravitreal implant, suggesting similar initial effi-
cacy. At month 3, improvement in mean (6 SD) BCVA
was significantly higher with ranibizumab compared to
dexamethasone intravitreal implant (raw mean 6 SD:
16.0 6 13.4 vs 7 6 18.2 letters). This difference between
the treatment groups further increased until month 6
(raw mean 6 SD: þ16.9 6 13.6 letters for ranibizumab
and "0.7 6 22.5 letters for dexamethasone intravitreal
implant; Figure 2). The LS-means [95% CI] at month 6
were 14.78 [11.24–18.32] letters with ranibizumab
and "3.17 ["6.8 to 0.46] letters with dexamethasone
intravitreal implant. The difference between the
treatment groups was 17.96 (95% CI: [13.37–22.54])
letters. Sensitivity analyses revealed consistent results for
the MRMM, as well as the as-observed analyses
compared to the primary LOCF approach, showing
robustness of results regardless of the missing values.
However, sensitivity analysis on the PPS (as observed)
yielded a lower difference in the mean average change in
BCVA as compared to the primary result, which may in
part result from the low sample size in the PPS (P¼ .0904).

There was significant difference with respect to the mean
(6 SD) average change in BCVA from baseline to month 1
through month 6 (þ14.66 11.8 vs þ4.86 16.2 letters) in
favor of ranibizumab over dexamethasone intravitreal
implant. The adjusted LS-means were 12.86 letters (95%
CI: [10.24-15.48]) with ranibizumab and 2.96 letters
(95% CI: [0.27-5.64]) with dexamethasone intravitreal
implant and the difference of 9.91 letters between the
groups was statistically significant in favor of ranibizumab
(95% CI [6.51-13.30]; P < .0001) over dexamethasone
intravitreal implant. Thus, the primary endpoint was met
(Figure 3).

At month 6, a significantly larger proportion of patients
gained >_15 letters with ranibizumab (58.9%) compared to
dexamethasone intravitreal implant (18.5%, P < .0001;
Figure 4). Similarly, a significantly larger proportion of pa-
tients gained >_10 and >_5 letters with ranibizumab (71.8%
and 83.9%, respectively) compared to dexamethasone
intravitreal implant (31.9% and 45.4%, respectively;
both P < .0001; Figure 4). The proportions of patients
who lost >_15, >_10, and >_5 letters are presented in
Supplemental Figure 2 (Supplemental Material available
at AJO.com).

Time to achieve a significant improvement of >_15
letters. Kaplan-Meier analysis estimated that 73.8% of pa-
tients in the ranibizumab group and 56.3% of patients in
the dexamethasone intravitreal implant group achieved a
significant >_15-letter gain until month 6. The median
time to achieve this significant improvement was shorter
with ranibizumab (62 days) than with dexamethasone
intravitreal implant (98 days).

$ ANATOMICOUTCOMES: The mean CSRT, as assessed by
the investigator, decreased substantially in both treatment
groups as early as month 1. The reduction in mean CSRT
observed at month 2 was maintained until the end of the
study in the ranibizumab group, whereas the mean CSRT
increased in the dexamethasone intravitreal implant group
starting at month 3 (mean change from baseline tomonth 6
6 SD: "376.7 6 274.9 mm with ranibizumab; "168.7 6
288.3 mm with dexamethasone intravitreal implant;
Figure 5). These findings were similar to mean change in
FCPT assessed by the CRC (mean change from baseline
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FIGURE 2. Mean change from baseline in best-corrected visual
acuity (BCVA) to month 6 in patients receiving either intravi-
treal ranibizumab (0.5 mg) injections or a single intravitreal
dexamethasone implant (0.7 mg), administered as per their Eu-
ropean Medicines Agency label for the treatment of macular
edema secondary to central retinal vein occlusion. Missing
data were imputed using the last-observation-carried-forward
method. *P values refer to analysis of covariance model. The er-
ror bars are ± 1 standard errors. ETDRS [ Early Treatment
Diabetic Retinopathy Study; SE [ standard error.
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FIGURE 3. Mean average change from baseline to month 1
through month 6 in best-corrected visual acuity (BCVA)
assessed using the analysis of covariance model in patients
receiving either intravitreal ranibizumab (0.5 mg) injections
or a single intravitreal dexamethasone implant (0.7 mg), admin-
istered as per their European Medicines Agency label for the
treatment of macular edema secondary to central retinal vein oc-
clusion. Missing data were imputed using the last-observation-
carried-forward method. LS-mean letter difference [95% CI]
was 9.91 [6.51-13.3] letters, P < .0001. ETDRS [ Early
Treatment Diabetic Retinopathy Study; SD [ standard devia-
tion.
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The efficacy and safety analyses were
performed on the FAS and the safety set,
respectively, both consisting of 126 rani-
bizumab-treated and 118 dexametha-
sone intravitreal implant-treated
patients.

Overall, patient demographic and
baseline ocular characteristics were sim-
ilar between the two treatment groups
as displayed in Table 1. At baseline,
92.2% of the patients had active con-
comitant medical conditions, the most
common being hypertension (65.6%),
hypercholesterolaemia (18.9%) and cat-
aract (6.1%). The number of patients
who had previous cataract surgery was
6 (4.8%) in the ranibizumab group and
7 (5.9%) in the dexamethasone group.
Of 126 BRVO patients enrolled in this
study, 44 (34.9%) in the ranibizumab
group and 37 (31.4%) in the dexam-
ethasone group had retinal ischaemia at
baseline. After 6 months, retinal ischae-
mia was observed in 42 (33.3%) patients
who had been treated with ranibizumab,
compared to 50 (42.4%) in the dexam-
ethasone group.

Efficacy

Best-corrected visual acuity
There was no difference in BCVA
between PRN ranibizumab and dexam-
ethasone intravitreal implant at months
1 and 2, suggesting similar initial efficacy.
However, a difference in BCVA outcome
between ranibizumab and dexametha-
sone intravitreal implant was evident
from month 3, mean change in BCVA
from baseline being significantly higher
with ranibizumab than dexamethasone
intravitreal implant [raw means (SD):
+16.2 (!11) letters versus +9.3 (!10.1)
letters]. Best-corrected visual acuity
gain with dexamethasone intravitreal
implant declined thereafter, whereas
the improvement in mean BCVA was
maintained for the 6-month study dura-
tion with ranibizumab PRN [change
from baseline at month 6, raw means
(SD): +17.3 (!11.8) letters versus +9.2
(!12.5) letters; Fig. 2]. Mean (!SD)
average change in BCVA from baseline
to month 1 through month 6 was +14.9
(!9.86) letters (LS-baseline-adjusted
means 14.2 letters) for ranibizumab and
+10.1 (!9.51) letters (LS-baseline-
adjusted means 9.7 letters) for the dex-
amethasone intravitreal implant
(Fig. 3).

A sensitivity analysis performed
using the ‘as-documented’ approach
(observed values only, without

imputation) confirmed the results
observed with the primary analysis
(FAS, LOCF approach, data not
shown), showing the robustness of the
primary analysis regarding missing val-
ues.

At month 6, a greater proportion of
patients gained ≥15 letters with ranibizu-
mab (61.1%) as compared with dexam-
ethasone intravitreal implant (37.3%;
Fig. 4). Similarly, patients with a ≥10
and ≥5 letter gain were numerically
higher with ranibizumab (77% and
85.7%) compared with dexamethasone
intravitreal implant (53.4% and 64.4%;
Fig. 4). Data for the proportion of
patients with ≥15, ≥10 and ≥5 letters loss
are presented in Fig. S2.

Time to achieve significant improve-
ment of ≥15 letters: More patients in the
ranibizumab group (73.9%) achieved a
significant ≥15 letter improvement in
BCVA at month 6 from baseline com-
pared to those in the dexamethasone
intravitreal implant group (63.7%) as
estimated by Kaplan–Meier analysis.
The median time to event (i.e. the time
when half of the patients achieved the
respective improvement) was similar for
both treatment groups (63 days with
dexamethasone intravitreal implant ver-
sus 64 days with ranibizumab), whereas
the estimated rate formonth 6was higher
with ranibizumab.

Anatomical outcomes

Both drugs were effective in reducing
FCPT initially, with a rapid and sub-
stantial reduction in FCPT observed as
early as month 1 after treatment initia-
tion.While the ranibizumab groupmain-
tained this reduction in FCPT over time,
the mean FCPT increased from month 3

onwards in the dexamethasone intravit-
real implant group. Therefore, from
baseline to month 6, there was a signif-
icantly higher decrease in the mean
(!SD) FCPT with ranibizumab com-
pared with dexamethasone intravitreal
implant [274.6 (!210) lm versus 129.5
(!211) lm; p < 0.001]. These findings
were in accordance with the results
observed for the mean change in CSRT
[mean (!SD): "230.6 (!169.3) lm with
ranibizumab; "112.3 (!172.1) lm with
dexamethasone intravitreal implant;
Fig. 5]. At baseline, 66 (54%) patients
in the ranibizumab group exhibited
serous retinal detachment in the macular
area, compared to 54 (46.2%) in the
dexamethasone group. By the end of the
follow-up, accumulation of subretinal
fluid was observed in 12 (10.3%) eyes
that had been treated with ranibizumab
and in 24 (24.2%) dexamethasone-trea-
ted eyes.

The use of SD-OCT was equally
distributed in both treatment groups.
Overall, seven patients (5.6%) in the
ranibizumab group and 8 (6.8%) in the
dexamethasone group were examined
by standard OCT.

Treatment exposure

The majority of patients (94.4%) treated
with ranibizumab received three initial
monthly ranibizumab injections, asman-
dated by the protocol. During the PRN
retreatment period, patients received a
mean of 1.76 ranibizumab and 1.82 sham
injections. Overall, patients treated with
ranibizumab received a mean of 4.71
injections, including the three initial
monthly protocol-mandated injections.
Patients in the dexamethasone group
received a single dexamethasone
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Fig. 2. Mean change in BCVA from baseline to month 6 [full analysis set (last observation carried
forward)]. Consists of all randomized patients who received at least one application of the study
treatment and had at least one post-baseline assessment for BCVA; ANCOVA model for LS-means.
ANCOVA, analysis of covariance; CI, confidence interval; BCVA, best-corrected visual acuity;
ETDRS, Early Treatment Diabetic Retinopathy Study; LS, least squares; SD, standard deviation.
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Ozurdex est aussi efficace à 2 mois
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ABSTRACT.
Purpose: To compare the efficacy and safety of ranibizumab 0.5 mg versus
dexamethasone 0.7 mg according to their European labels in macular oedema
secondary to branch retinal vein occlusion (BRVO) in a 6-month, phase IIIb,
randomized trial.
Methods: Patients receivedeithermonthlyranibizumabfor3 months followedbyPro
re nata (PRN) treatment (n = 126) or a sustained-release dexamethasone implant
followedbyPRNshaminjections(n = 118).Mainoutcomesweremeanaveragechange
inbest-correctedvisualacuity(BCVA)frombaselinetomonth1throughmonth6,mean
changes inBCVAand foveal centre point thickness (FCPT), andadverse events (AEs).
Results: There was no difference in BCVA gains between the treatments prior to
month 3. Best-corrected visual acuity (BCVA) gain with dexamethasone declined
thereafter. From month 3 to month 6, mean BCVA change from baseline was
significantly higher with ranibizumab than with dexamethasone [rawmeans (standard
deviation):+16.2 (!11) letters versus+9.3 (!10.1) letters].Atmonth6, thedifference in
BCVA gains from baseline was +17.3 letters in the ranibizumab versus +9.2 letters in
the dexamethasone group. Patients in the ranibizumab group received a mean of 2.94
loading injections and 1.74 PRN retreatment injections, while those in the dexam-
ethasonegroup receiveda single loading injection.Elevated intraocular pressure (IOP)
and AEs were more frequent with dexamethasone than ranibizumab treatment.
Conclusion: Ranibizumab PRN resulted in greater visual acuity (VA) gains in
macular oedema following BRVO compared with single-dose dexamethasone
over a 6-month study period, observed from month 3, when administered
according to their European label. In clinical practice, retreatment with
dexamethasone may be required prior to this point.

Key words: branch retinal vein occlusion – dexamethasone – PRN – ranibizumab
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Introduction
Macular oedema is the most frequent
cause of visual impairment in patients

with branch retinal vein occlusion
(BRVO) (Bertelsen et al. 2012). Until
recently, grid laser photocoagulation

was the standard of care for the treat-
ment of macular oedema due to BRVO
in patients with visual acuity (VA) ≤20/
40 and duration >3 months (BRVO
Study Group 1984; Shah et al. 2011;
Pielen et al. 2015). This treatment is
known to slow down the progression of
vision loss, although its longer-term
results are limited and improvement in
vision is uncommon (BRVO Study
Group 1984; Tan et al. 2014; Pielen
et al. 2015). Treatment of macular
oedema secondary to BRVO with anti-
vascular endothelial growth factor
(VEGF) agents or corticosteroids has
gained widespread acceptance in recent
years (Pielen et al. 2013; Szurman et al.
2016). Indeed, this is reflected in
the newly published guidelines (July
2015) on RVO by the Royal College
of Ophthalmologists. Ranibizumab
(Lucentis!; Novartis Pharma AG,
Basel, Switzerland, and Genentech
Inc., South San Francisco, CA, USA)
and the dexamethasone intravitreal
implant (OZURDEX!; Allergan Inc.,
Irvine, CA, USA) are among the rec-
ommended first-line treatments in the
UK, Europe and USA (Pielen et al.
2013; Sivaprasad et al. 2015).

Ranibizumab is a humanized mono-
clonal antibody fragment (Fab) lacking
the Fc domain that selectively binds to
and inhibits all active isoforms of VEGF-
A (Ferrara et al. 2006). Ranibizumab
0.5 mgwas approved in June 2010 by the
United States Food and Drug Adminis-
tration (US FDA) and by the European
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! PURPOSE: To compare the efficacy and safety of the
European labels of ranibizumab 0.5 mg vs dexamethasone
0.7 mg in patients with macular edema secondary to cen-
tral retinal vein occlusion (CRVO).
! DESIGN: Phase IIIb, multicenter, double-masked, ran-
domized clinical trial.
! METHODS: Patients were randomized (1:1) to receive
either monthly ranibizumab followed by pro re nata
(PRN) treatment (n[ 124) or 1 sustained-release dexa-
methasone implant followed by PRN sham injections
(n [ 119). Main outcomes were mean average change
in best-corrected visual acuity (BCVA) from baseline to
month 1 through month 6, mean change in BCVA, and
adverse events (AEs).
! RESULTS: Of 243 patients, 185 (76.1%) completed the
study. No difference was observed in BCVA between
ranibizumab and dexamethasone at months 1 and 2.
From month 3 to month 6, there was significant differ-
ence in BCVA gains in favor of ranibizumab. At month
6, mean average BCVA gain was significantly higher

with ranibizumab than with dexamethasone (12.86 vs
2.96 letters; difference 9.91 letters, 95% confidence
interval [6.51–13.30]; P < .0001). Mean injection
number of ranibizumab was 4.52. Ocular AEs were re-
ported in more patients in the dexamethasone than in
the ranibizumab group (86.6% vs 55.6%).
! CONCLUSIONS: Using the European labels, similar effi-
cacy was observed for ranibizumab and dexamethasone at
months 1 and 2. However, ranibizumab maintained its
efficacy throughout the study, whereas dexamethasone
declined from month 3 onward. The main limitation of
the study was that dexamethasone patients received
only a single treatment during the 6-month study. In clin-
ical practice, dexamethasone retreatment may be required
earlier than 6 months. Safety findings were similar to
those previously reported. (Am J Ophthalmol
2016;169:258–267. ! 2016 Elsevier Inc. All rights
reserved.)
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retinal vein occlusion (CRVO) is a common
retinal vascular disease associated with rapid

vision loss.1,2 Two treatment options—anti–vascular
endothelial growth factors (anti-VEGFs) and
corticosteroids—with different mechanisms of action are
available for the treatment of macular edema secondary
to CRVO.3 Ranibizumab (Lucentis; Novartis Pharma
AG, Basel, Switzerland, and Genentech Inc, South San
Francisco, California, USA), a humanized monoclonal
antibody fragment (Fab), was the first anti-VEGF agent
approved for the treatment of macular edema secondary
to CRVO.4

Ranibizumab 0.5 mg was approved in June 2010 by the
United States Food and Drug Administration (US FDA)
based on the 6-month results of a phase III, randomized,
double-masked controlled trial—Central Retinal vein oc-
clUsIon Study: Evaluation of efficacy and safety trial
(CRUISE).5 In the CRUISE study, a statistically signifi-
cant improvement in the mean best-corrected visual acuity
(BCVA) was observed with monthly ranibizumab 0.5 mg
injections vs sham at month 6 (14.9 vs 0.8 letters,
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BCVA from baseline between ranibizumab and dexameth-
asone intravitreal implant, suggesting similar initial effi-
cacy. At month 3, improvement in mean (6 SD) BCVA
was significantly higher with ranibizumab compared to
dexamethasone intravitreal implant (raw mean 6 SD:
16.0 6 13.4 vs 7 6 18.2 letters). This difference between
the treatment groups further increased until month 6
(raw mean 6 SD: þ16.9 6 13.6 letters for ranibizumab
and "0.7 6 22.5 letters for dexamethasone intravitreal
implant; Figure 2). The LS-means [95% CI] at month 6
were 14.78 [11.24–18.32] letters with ranibizumab
and "3.17 ["6.8 to 0.46] letters with dexamethasone
intravitreal implant. The difference between the
treatment groups was 17.96 (95% CI: [13.37–22.54])
letters. Sensitivity analyses revealed consistent results for
the MRMM, as well as the as-observed analyses
compared to the primary LOCF approach, showing
robustness of results regardless of the missing values.
However, sensitivity analysis on the PPS (as observed)
yielded a lower difference in the mean average change in
BCVA as compared to the primary result, which may in
part result from the low sample size in the PPS (P¼ .0904).

There was significant difference with respect to the mean
(6 SD) average change in BCVA from baseline to month 1
through month 6 (þ14.66 11.8 vs þ4.86 16.2 letters) in
favor of ranibizumab over dexamethasone intravitreal
implant. The adjusted LS-means were 12.86 letters (95%
CI: [10.24-15.48]) with ranibizumab and 2.96 letters
(95% CI: [0.27-5.64]) with dexamethasone intravitreal
implant and the difference of 9.91 letters between the
groups was statistically significant in favor of ranibizumab
(95% CI [6.51-13.30]; P < .0001) over dexamethasone
intravitreal implant. Thus, the primary endpoint was met
(Figure 3).

At month 6, a significantly larger proportion of patients
gained >_15 letters with ranibizumab (58.9%) compared to
dexamethasone intravitreal implant (18.5%, P < .0001;
Figure 4). Similarly, a significantly larger proportion of pa-
tients gained >_10 and >_5 letters with ranibizumab (71.8%
and 83.9%, respectively) compared to dexamethasone
intravitreal implant (31.9% and 45.4%, respectively;
both P < .0001; Figure 4). The proportions of patients
who lost >_15, >_10, and >_5 letters are presented in
Supplemental Figure 2 (Supplemental Material available
at AJO.com).

Time to achieve a significant improvement of >_15
letters. Kaplan-Meier analysis estimated that 73.8% of pa-
tients in the ranibizumab group and 56.3% of patients in
the dexamethasone intravitreal implant group achieved a
significant >_15-letter gain until month 6. The median
time to achieve this significant improvement was shorter
with ranibizumab (62 days) than with dexamethasone
intravitreal implant (98 days).

$ ANATOMICOUTCOMES: The mean CSRT, as assessed by
the investigator, decreased substantially in both treatment
groups as early as month 1. The reduction in mean CSRT
observed at month 2 was maintained until the end of the
study in the ranibizumab group, whereas the mean CSRT
increased in the dexamethasone intravitreal implant group
starting at month 3 (mean change from baseline tomonth 6
6 SD: "376.7 6 274.9 mm with ranibizumab; "168.7 6
288.3 mm with dexamethasone intravitreal implant;
Figure 5). These findings were similar to mean change in
FCPT assessed by the CRC (mean change from baseline
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FIGURE 2. Mean change from baseline in best-corrected visual
acuity (BCVA) to month 6 in patients receiving either intravi-
treal ranibizumab (0.5 mg) injections or a single intravitreal
dexamethasone implant (0.7 mg), administered as per their Eu-
ropean Medicines Agency label for the treatment of macular
edema secondary to central retinal vein occlusion. Missing
data were imputed using the last-observation-carried-forward
method. *P values refer to analysis of covariance model. The er-
ror bars are ± 1 standard errors. ETDRS [ Early Treatment
Diabetic Retinopathy Study; SE [ standard error.
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FIGURE 3. Mean average change from baseline to month 1
through month 6 in best-corrected visual acuity (BCVA)
assessed using the analysis of covariance model in patients
receiving either intravitreal ranibizumab (0.5 mg) injections
or a single intravitreal dexamethasone implant (0.7 mg), admin-
istered as per their European Medicines Agency label for the
treatment of macular edema secondary to central retinal vein oc-
clusion. Missing data were imputed using the last-observation-
carried-forward method. LS-mean letter difference [95% CI]
was 9.91 [6.51-13.3] letters, P < .0001. ETDRS [ Early
Treatment Diabetic Retinopathy Study; SD [ standard devia-
tion.
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The efficacy and safety analyses were
performed on the FAS and the safety set,
respectively, both consisting of 126 rani-
bizumab-treated and 118 dexametha-
sone intravitreal implant-treated
patients.

Overall, patient demographic and
baseline ocular characteristics were sim-
ilar between the two treatment groups
as displayed in Table 1. At baseline,
92.2% of the patients had active con-
comitant medical conditions, the most
common being hypertension (65.6%),
hypercholesterolaemia (18.9%) and cat-
aract (6.1%). The number of patients
who had previous cataract surgery was
6 (4.8%) in the ranibizumab group and
7 (5.9%) in the dexamethasone group.
Of 126 BRVO patients enrolled in this
study, 44 (34.9%) in the ranibizumab
group and 37 (31.4%) in the dexam-
ethasone group had retinal ischaemia at
baseline. After 6 months, retinal ischae-
mia was observed in 42 (33.3%) patients
who had been treated with ranibizumab,
compared to 50 (42.4%) in the dexam-
ethasone group.

Efficacy

Best-corrected visual acuity
There was no difference in BCVA
between PRN ranibizumab and dexam-
ethasone intravitreal implant at months
1 and 2, suggesting similar initial efficacy.
However, a difference in BCVA outcome
between ranibizumab and dexametha-
sone intravitreal implant was evident
from month 3, mean change in BCVA
from baseline being significantly higher
with ranibizumab than dexamethasone
intravitreal implant [raw means (SD):
+16.2 (!11) letters versus +9.3 (!10.1)
letters]. Best-corrected visual acuity
gain with dexamethasone intravitreal
implant declined thereafter, whereas
the improvement in mean BCVA was
maintained for the 6-month study dura-
tion with ranibizumab PRN [change
from baseline at month 6, raw means
(SD): +17.3 (!11.8) letters versus +9.2
(!12.5) letters; Fig. 2]. Mean (!SD)
average change in BCVA from baseline
to month 1 through month 6 was +14.9
(!9.86) letters (LS-baseline-adjusted
means 14.2 letters) for ranibizumab and
+10.1 (!9.51) letters (LS-baseline-
adjusted means 9.7 letters) for the dex-
amethasone intravitreal implant
(Fig. 3).

A sensitivity analysis performed
using the ‘as-documented’ approach
(observed values only, without

imputation) confirmed the results
observed with the primary analysis
(FAS, LOCF approach, data not
shown), showing the robustness of the
primary analysis regarding missing val-
ues.

At month 6, a greater proportion of
patients gained ≥15 letters with ranibizu-
mab (61.1%) as compared with dexam-
ethasone intravitreal implant (37.3%;
Fig. 4). Similarly, patients with a ≥10
and ≥5 letter gain were numerically
higher with ranibizumab (77% and
85.7%) compared with dexamethasone
intravitreal implant (53.4% and 64.4%;
Fig. 4). Data for the proportion of
patients with ≥15, ≥10 and ≥5 letters loss
are presented in Fig. S2.

Time to achieve significant improve-
ment of ≥15 letters: More patients in the
ranibizumab group (73.9%) achieved a
significant ≥15 letter improvement in
BCVA at month 6 from baseline com-
pared to those in the dexamethasone
intravitreal implant group (63.7%) as
estimated by Kaplan–Meier analysis.
The median time to event (i.e. the time
when half of the patients achieved the
respective improvement) was similar for
both treatment groups (63 days with
dexamethasone intravitreal implant ver-
sus 64 days with ranibizumab), whereas
the estimated rate formonth 6was higher
with ranibizumab.

Anatomical outcomes

Both drugs were effective in reducing
FCPT initially, with a rapid and sub-
stantial reduction in FCPT observed as
early as month 1 after treatment initia-
tion.While the ranibizumab groupmain-
tained this reduction in FCPT over time,
the mean FCPT increased from month 3

onwards in the dexamethasone intravit-
real implant group. Therefore, from
baseline to month 6, there was a signif-
icantly higher decrease in the mean
(!SD) FCPT with ranibizumab com-
pared with dexamethasone intravitreal
implant [274.6 (!210) lm versus 129.5
(!211) lm; p < 0.001]. These findings
were in accordance with the results
observed for the mean change in CSRT
[mean (!SD): "230.6 (!169.3) lm with
ranibizumab; "112.3 (!172.1) lm with
dexamethasone intravitreal implant;
Fig. 5]. At baseline, 66 (54%) patients
in the ranibizumab group exhibited
serous retinal detachment in the macular
area, compared to 54 (46.2%) in the
dexamethasone group. By the end of the
follow-up, accumulation of subretinal
fluid was observed in 12 (10.3%) eyes
that had been treated with ranibizumab
and in 24 (24.2%) dexamethasone-trea-
ted eyes.

The use of SD-OCT was equally
distributed in both treatment groups.
Overall, seven patients (5.6%) in the
ranibizumab group and 8 (6.8%) in the
dexamethasone group were examined
by standard OCT.

Treatment exposure

The majority of patients (94.4%) treated
with ranibizumab received three initial
monthly ranibizumab injections, asman-
dated by the protocol. During the PRN
retreatment period, patients received a
mean of 1.76 ranibizumab and 1.82 sham
injections. Overall, patients treated with
ranibizumab received a mean of 4.71
injections, including the three initial
monthly protocol-mandated injections.
Patients in the dexamethasone group
received a single dexamethasone
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ANCOVA, analysis of covariance; CI, confidence interval; BCVA, best-corrected visual acuity;
ETDRS, Early Treatment Diabetic Retinopathy Study; LS, least squares; SD, standard deviation.
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Head-to-head comparison of ranibizumab PRN
versus single-dose dexamethasone for branch
retinal vein occlusion (COMRADE-B)
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ABSTRACT.
Purpose: To compare the efficacy and safety of ranibizumab 0.5 mg versus
dexamethasone 0.7 mg according to their European labels in macular oedema
secondary to branch retinal vein occlusion (BRVO) in a 6-month, phase IIIb,
randomized trial.
Methods: Patients receivedeithermonthlyranibizumabfor3 months followedbyPro
re nata (PRN) treatment (n = 126) or a sustained-release dexamethasone implant
followedbyPRNshaminjections(n = 118).Mainoutcomesweremeanaveragechange
inbest-correctedvisualacuity(BCVA)frombaselinetomonth1throughmonth6,mean
changes inBCVAand foveal centre point thickness (FCPT), andadverse events (AEs).
Results: There was no difference in BCVA gains between the treatments prior to
month 3. Best-corrected visual acuity (BCVA) gain with dexamethasone declined
thereafter. From month 3 to month 6, mean BCVA change from baseline was
significantly higher with ranibizumab than with dexamethasone [rawmeans (standard
deviation):+16.2 (!11) letters versus+9.3 (!10.1) letters].Atmonth6, thedifference in
BCVA gains from baseline was +17.3 letters in the ranibizumab versus +9.2 letters in
the dexamethasone group. Patients in the ranibizumab group received a mean of 2.94
loading injections and 1.74 PRN retreatment injections, while those in the dexam-
ethasonegroup receiveda single loading injection.Elevated intraocular pressure (IOP)
and AEs were more frequent with dexamethasone than ranibizumab treatment.
Conclusion: Ranibizumab PRN resulted in greater visual acuity (VA) gains in
macular oedema following BRVO compared with single-dose dexamethasone
over a 6-month study period, observed from month 3, when administered
according to their European label. In clinical practice, retreatment with
dexamethasone may be required prior to this point.

Key words: branch retinal vein occlusion – dexamethasone – PRN – ranibizumab
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Introduction
Macular oedema is the most frequent
cause of visual impairment in patients

with branch retinal vein occlusion
(BRVO) (Bertelsen et al. 2012). Until
recently, grid laser photocoagulation

was the standard of care for the treat-
ment of macular oedema due to BRVO
in patients with visual acuity (VA) ≤20/
40 and duration >3 months (BRVO
Study Group 1984; Shah et al. 2011;
Pielen et al. 2015). This treatment is
known to slow down the progression of
vision loss, although its longer-term
results are limited and improvement in
vision is uncommon (BRVO Study
Group 1984; Tan et al. 2014; Pielen
et al. 2015). Treatment of macular
oedema secondary to BRVO with anti-
vascular endothelial growth factor
(VEGF) agents or corticosteroids has
gained widespread acceptance in recent
years (Pielen et al. 2013; Szurman et al.
2016). Indeed, this is reflected in
the newly published guidelines (July
2015) on RVO by the Royal College
of Ophthalmologists. Ranibizumab
(Lucentis!; Novartis Pharma AG,
Basel, Switzerland, and Genentech
Inc., South San Francisco, CA, USA)
and the dexamethasone intravitreal
implant (OZURDEX!; Allergan Inc.,
Irvine, CA, USA) are among the rec-
ommended first-line treatments in the
UK, Europe and USA (Pielen et al.
2013; Sivaprasad et al. 2015).

Ranibizumab is a humanized mono-
clonal antibody fragment (Fab) lacking
the Fc domain that selectively binds to
and inhibits all active isoforms of VEGF-
A (Ferrara et al. 2006). Ranibizumab
0.5 mgwas approved in June 2010 by the
United States Food and Drug Adminis-
tration (US FDA) and by the European
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Clinical Efficacy and Safety of Ranibizumab
Versus Dexamethasone for Central Retinal
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Label Study
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! PURPOSE: To compare the efficacy and safety of the
European labels of ranibizumab 0.5 mg vs dexamethasone
0.7 mg in patients with macular edema secondary to cen-
tral retinal vein occlusion (CRVO).
! DESIGN: Phase IIIb, multicenter, double-masked, ran-
domized clinical trial.
! METHODS: Patients were randomized (1:1) to receive
either monthly ranibizumab followed by pro re nata
(PRN) treatment (n[ 124) or 1 sustained-release dexa-
methasone implant followed by PRN sham injections
(n [ 119). Main outcomes were mean average change
in best-corrected visual acuity (BCVA) from baseline to
month 1 through month 6, mean change in BCVA, and
adverse events (AEs).
! RESULTS: Of 243 patients, 185 (76.1%) completed the
study. No difference was observed in BCVA between
ranibizumab and dexamethasone at months 1 and 2.
From month 3 to month 6, there was significant differ-
ence in BCVA gains in favor of ranibizumab. At month
6, mean average BCVA gain was significantly higher

with ranibizumab than with dexamethasone (12.86 vs
2.96 letters; difference 9.91 letters, 95% confidence
interval [6.51–13.30]; P < .0001). Mean injection
number of ranibizumab was 4.52. Ocular AEs were re-
ported in more patients in the dexamethasone than in
the ranibizumab group (86.6% vs 55.6%).
! CONCLUSIONS: Using the European labels, similar effi-
cacy was observed for ranibizumab and dexamethasone at
months 1 and 2. However, ranibizumab maintained its
efficacy throughout the study, whereas dexamethasone
declined from month 3 onward. The main limitation of
the study was that dexamethasone patients received
only a single treatment during the 6-month study. In clin-
ical practice, dexamethasone retreatment may be required
earlier than 6 months. Safety findings were similar to
those previously reported. (Am J Ophthalmol
2016;169:258–267. ! 2016 Elsevier Inc. All rights
reserved.)

M ACULAR EDEMA SECONDARY TO CENTRAL

retinal vein occlusion (CRVO) is a common
retinal vascular disease associated with rapid

vision loss.1,2 Two treatment options—anti–vascular
endothelial growth factors (anti-VEGFs) and
corticosteroids—with different mechanisms of action are
available for the treatment of macular edema secondary
to CRVO.3 Ranibizumab (Lucentis; Novartis Pharma
AG, Basel, Switzerland, and Genentech Inc, South San
Francisco, California, USA), a humanized monoclonal
antibody fragment (Fab), was the first anti-VEGF agent
approved for the treatment of macular edema secondary
to CRVO.4

Ranibizumab 0.5 mg was approved in June 2010 by the
United States Food and Drug Administration (US FDA)
based on the 6-month results of a phase III, randomized,
double-masked controlled trial—Central Retinal vein oc-
clUsIon Study: Evaluation of efficacy and safety trial
(CRUISE).5 In the CRUISE study, a statistically signifi-
cant improvement in the mean best-corrected visual acuity
(BCVA) was observed with monthly ranibizumab 0.5 mg
injections vs sham at month 6 (14.9 vs 0.8 letters,
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implant of less than 6 months was
observed, with no further increases in
BCVA following the month 2 injection
(Haller et al. 2010).

To date, the optimal retreatment
interval for dexamethasone intravitreal
implant in the management of RVO
remains controversial. Several studies
have indicated that repeated injection
with dexamethasone may be required
after 4–6 months (Bezatis et al. 2013;
Guignier et al. 2013; Querques et al.
2013; Kim et al. 2015). Recently, Kim
et al. (2015) reported that intravitreal
anti-VEGF treatment administered
PRN monthly and dexamethasone
intravitreal implant administered PRN
at 6-month intervals may yield func-
tionally and anatomically comparable
results at 12 months. Querques and co-
workers found that eyes with macular
oedema secondary to retinal vein occlu-
sion required retreatment with intravit-
real dexamethasone implant after
4.7 ! 1.1 months from the first and
5.1 ! 1.5 months from the second
injection (Querques et al. 2013). An
additional investigation observed no

significant difference between an anti-
VEGF and dexamethasone intravitreal
implant PRN treatment regimen after
6 months (Guignier et al. 2013). In this
study, 10 of 11 eyes required repeat
doses of dexamethasone intravitreal
implant after 4 months of follow-up
(Guignier et al. 2013). The results of
these studies, however, have not been
very conclusive due to their retrospec-
tive nature or small sample size. Other
recent studies have investigated the use
of dexamethasone intravitreal implant
at intervals shorter than 6 months
(Gado & Macky 2014; Maturi et al.
2014; Higham et al. 2016), with Gado
et al. suggesting a retreatment with
dexamethasone at approximately
4 months after the initial first treatment
(Gado & Macky 2014).

In our study, treatment with three
initial monthly ranibizumab 0.5 mg
injections followed by a PRN dosing
regimen resulted in significantly better
VA outcomes than treatment with sus-
tained-release intravitreal dexametha-
sone implant, administered once at
baseline, with sham injections

thereafter. While both therapies pro-
vided similar efficacy up until month 2,
significant differences in BCVA between
ranibizumab and dexamethasone
intravitreal implant were evident from
month 3 of treatment. Best-corrected
visual acuity gain with dexamethasone
intravitreal implant declined thereafter,
whereas the improvement in mean
BCVA was maintained for the 6-month
study duration with ranibizumab PRN.
The proportion of patients who
achieved a significant improvement in
BCVA, defined as ≥15 letters gain, was
higher with ranibizumab than with
dexamethasone intravitreal implant
between months 1 and 6. Improvements
in mean BCVA were accompanied by a
statistically significant reduction inmean
FCPT in ranibizumab-treated patients
between months 1 and 6.

Our findings are consistent with sev-
eral previous non-randomized case ser-
ies demonstrating that dexamethasone
intravitreal implant reinjection is
required around 3 months after initial
treatment (Mayer et al. 2013). Mayer
et al. assessed the efficacy of a single
injection of dexamethasone intravitreal
implant in eyes with macular oedema
and BRVO (n = 16) or CRVO (n = 22).
Recurrence of macular oedema was
observed 3.5 months after initial injec-
tion of dexamethasone intravitreal
implant among eyes with BRVO and
3.8 months in those with CRVO (Mayer
et al. 2013). In a case series, Giudice
et al. (2012) reported that the peak
effects of dexamethasone intravitreal
implant were observed 2 months after
administration, with a substantial drop-
off between 2 and 3 months in eyes with
macular oedema due to BRVO (n = 7)
or CRVO (n = 8). These data suggest
that sustained drug delivery implant
patients need repeat treatment much
earlier than is indicated by the EU label
(Giudice et al. 2012).

In our study, treatment with dexam-
ethasone intravitreal implant was asso-
ciated with a relatively high dropout
rate of 18 patients (15.3%), mostly
related to AEs, unsatisfactory therapeu-
tic effect according to prespecified crite-
ria or protocol deviations. The most
frequent protocol violations were post-
baseline visit missing, missing a study
injection and patient not withdrawn
after treatment failure. Most patients
(n = 8) withdrew from the study
4 months after receiving dexametha-
sone intravitreal implant because of an
unsatisfactory therapeutic effect. The
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Mean intraocular pressure. Over the 6-month treatment
period, the mean IOP was stable for patients treated with
ranibizumab (mean IOP at baseline, 14.9 6 3.0 mm Hg;
mean IOP at month 6, 15.9 6 2.7 mm Hg). In contrast,
the mean IOP increased from a mean of 15.4 6 3.1 mm
Hg to 20.7 6 6.9 mm Hg at month 2 with
dexamethasone intravitreal implant and subsequently
decreased to a mean of 16.6 6 3.4 mm Hg at month 6
(Figure 6), reflecting the diminishing ocular
pharmacologic activity of the steroid implant.

DISCUSSION

COMRADE-C IS THE FIRST COMPARATIVE RANDOMIZED

controlled trial to investigate the clinical efficacy and
safety of the European labels16,17 of ranibizumab vs
dexamethasone intravitreal implant in patients with
macular edema secondary to CRVO over 6 months.
There was no difference in BCVA between the
treatments prior to month 3, suggesting similar initial
efficacy. The mean BCVA improvement observed during
the first 2 months of treatment was sustained until the
end of the study in the ranibizumab group and decreased
until the end of the study in the dexamethasone
intravitreal implant group. The improvements in mean
BCVA were accompanied by a statistically significant
reduction in CSRT in ranibizumab-treated patients be-
tween months 1 and 6. With dexamethasone intravitreal
implant, CSRT was initially reduced but increased after
month 3.

Overall, results from the COMRADE-C study are
consistent with those reported in pivotal studies of

ranibizumab and dexamethasone intravitreal implant in
CRVO.5,6,9,18,19 Caution should be exercised when
making cross-trial comparisons owing to study design dif-
ferences in inclusion and exclusion criteria and baseline
characteristics. The main difference between the pivotal
phase III CRUISE study of ranibizumab in CRVO and
the COMRADE-C study is in the dosing regimen
(ie, monthly vs 3 initial injections and then individualized
treatment). The baseline characteristics are fairly similar
between the 2 studies, with the exception of baseline
BCVA, which was higher in the COMRADE-C study
(51.7 letters) than in the CRUISE study (48.1 letters),
and the time from occlusion to treatment, which was
shorter in the COMRADE-C study (approximately
1.5 months) compared to the CRUISE study (3.3 months).
At month 6, the mean BCVA improvements were numer-
ically higher in the COMRADE-C study (16.9 letters) than
those reported in the CRUISE study (14.9 letters). The dif-
ference of 2 letters may be partly because of the differences
in time from diagnosis to treatment. Moreover, a larger pro-
portion of patients gained >_15 letters in the COMRADE-C
study (58.9%) than the CRUISE study (47.7%). We noted
that these results were obtained despite the fact that the
CRUISE study mandated monthly injections and patients
received an average of 5.5 ranibizumab injections in the
CRUISE study vs 4.6 in the COMRADE-C study in which
patients followed an individualized treatment regimen.
These results indicate that not all patients require monthly
injections and that patients with CRVO can be managed
with an individualized dosing.
In the GENEVA study (N ¼ 427), patients received a

single dexamethasone intravitreal 0.7 mg implant over a
6-month time period. Mean BCVA improved by approxi-
mately 9 letters at month 2; this value declined progres-
sively and reached baseline BCVA value at month 6.
A similar trend was observed in the dexamethasone intra-
vitreal implant arm of the COMRADE-C study, in which
mean BCVA improved to 11.9 letters at month 2 and
declined to baseline BCVA ("0.7 letters) at month 6.
Datasets from these studies showed that a single dexameth-
asone intravitreal implant leads to BCVA improvements
that typically last for 2–3 months. A steady decline there-
after suggests that patients need treatment sooner than
6 months.9,10,12 Other recent studies have investigated
the use of dexamethasone intravitreal implant at
intervals shorter than 6 months,20,21 with Gado and
Mackey20 suggesting a retreatment with dexamethasone
at approximately 4 months after the initial first treatment.
BCVA improvements were paralleled by a significant

reduction in mean FCPT from baseline with ranibizumab
vs dexamethasone intravitreal implant (426.2 vs
236.0 mm; P < .001). In addition, mean CSRT reduction
at months 1 and 2 was comparable in both treatment
groups. From month 3 to month 6, mean CSRT values
were maintained with ranibizumab PRN, whereas they
increased after dexamethasone intravitreal implant with
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Anti-VEGF	 Corticoïdes	

OVCR	récente	
Protège	du	GNV	 Vasoconstricteur	

Ischémie	étendue	

Patient	phake,	jeune	 	 Risque	de	cataracte	précoce	

Antécédent	HTO/GCAO	 HTO	au	long	cours	?	Pics	?	 HTO	cortico-induite	

AVC	récent	 Patients	exclus	des	essais	
de	phase	III	

	

Œil	vitrectomisé	 Demi-vie	raccourcie	?	 Pharmacocinétique	
inchangée	

Aphake	/	ICA	 	 Risque	de	passage	en	CA	

Disponibilité,	récidives	
fréquentes	 Cs	±	Injections	mensuelles	 Injections	tous	les	4	à	6	

mois	(⚠ surveillance)	

Au	total	:	
En	première	intention	en	
cas	d’OVCR	récente	et/ou	

risque	de	GNV	

En	cas	de	récidives	
fréquentes	et/ou	en	
première	intention	si	

absence	de	risque	de	GNV	
(notamment	OBVR)	
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Anti-VEGF le plus souvent en 1ère intention

A préférer si :

• risque de GNV
– Notamment OVCR

• ce d’autant qu’elle est récente

– non-perfusion étendue

• patient jeune phake
– Aphake/ICA

• hypertonie/glaucome

A éviter si :

• antécédent de vitrectomie
• impossibilité de consultation/injection 

mensuelle.
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Corticoïdes

A éviter si :
• Hypertonie / glaucome
• patient jeune et phake

– risque de cataracte précoce, unilatérale

• Aphake

• d’une manière générale : OVCR récentes
– risque de GNV

Préférés si :
• antécédent de vitrectomie
• récidives fréquentes

– injections d’anti-VEGF répétées

• absence de risque de GNV
– notamment OBVR
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Choix du traitement
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décollement  maculaire  tractionnel  peut  survenir  et  une  sur-
veillance  à  long  terme  de  ces  patients  sera  donc  nécessaire.

Traitements des occlusions veineuses
rétiniennes

Traitement des complications

Œdème maculaire
L’œdème  maculaire  des  OVR  n’est  pas  une  urgence  théra-
peutique.  Il  est  souvent  bien  toléré  plusieurs  semaines  ou
mois,  et  peut  régresser  spontanément  (30  %  des  patients
avec  OVCR  et  jusqu’à  40—50  %  des  patients  avec  OBVR
[21]),  d’où  la  possibilité  de  temporiser  avant  d’instaurer  un
traitement  invasif.  En  effet,  les  études,  de  par  leurs  cri-
tères  d’inclusion,  ne  nous  permettent  pas  d’évaluer  l’intérêt
de  débuter  un  traitement  avant  6  semaines  d’évolution  de
l’œdème  maculaire.

Photocoagulation  maculaire
En  cas  d’œdème  maculaire  focal  lié  à  un  macroanévrysme,
la  photocoagulation  directe  guidée  par  une  angiographie  au
vert  d’indocyanine  peut  être  effectuée  [22].  Il  faut  utili-
ser  des  intensités  modérées  et  surtout  un  petit  diamètre
d’impact.  La  photocoagulation  sectorielle  [23]  en  quinconce
de  l’œdème  maculaire  peut  être  proposée,  en  cas  de  non
réponse  aux  traitements  par  injection  intravitréenne  pour
des  œdèmes  maculaires  évoluant  depuis  plus  de  3  mois,  avec
une  acuité  visuelle  inférieure  à  5/10,  une  disparition  des
hémorragies,  bien  que  son  effet  soit  généralement  modeste,
et  sans  action  significative  sur  l’acuité  visuelle  [24].

Injections  intravitréennes
Elles  constituent  le  traitement  de  référence  de  l’OM  post
OVR.  Trois  molécules  ont  à  ce  jour  l’AMM  en  France  dans
cette  indication  lorsque  l’acuité  visuelle  est  inférieure  à
6/10  :  le  ranibizumab,  l’implant  biodégradable  de  déxamé-
thasone  et  l’aflibercept.

Injections  intravitréennes  d’anti-VEGF
Trois  molécules  ont  été  testées,  le  ranibizumab,  le  bevacizu-
mab  et  l’aflibercept.  Bien  qu’ayant  montré  son  efficacité  sur
la  diminution  de  l’épaisseur  rétinienne  et  sur  l’amélioration
de  l’acuité  visuelle,  le  Bevacizumab  n’a  pas  d’AMM  dans
cette  indication  [25].  Il  peut  cependant  être  utilisé  en  cas
de  rubéose  irienne  pour  arrêter  rapidement  la  progression
de  la  néovascularisation  au  niveau  du  segment  antérieur.  Le
Ranibizumab  montre  à 6  mois  un  gain  d’acuité  visuelle  de
15  lettres  ou  plus  chez  47  %  des  patients  après  injection  men-
suelle  [26,27]. Les  chiffres  rapportés  pour  l’aflibercept  sont
comparables  (15  lettres  ou  plus  chez  60,2  %  des  patients.  Il
n’y  a  aucune  preuve  tangible  de  l’efficacité  des  anti-VEGF
pour  améliorer  la  perfusion  capillaire.

Corticothérapie  intravitréenne
Son  action  pourrait  passer  par  une  stabilisation  de  la  barrière
hématorétinienne  via  une  inhibition  de  la  voie  de  l’acide
arachidonique  ou  du  VEGF  [28].  Une  diminution  du  diamètre
veineux  est  constatée  chez  la  plupart  des  patients  traités,
suggérant  un  effet  vasoconstricteur  [29].  L’efficacité  des
corticoïdes  a  été  démontrée  par  deux  principales  études.
Dans  les  OVCR,  l’étude  SCORE  [30]  a  montré  à  un  an  un  gain

d’acuité  de  15  lettres  ou  plus  chez  26  %  des  patients  trai-
tés  par  triamcinolone  (produit  sans  AMM).  L’étude  GENEVA
[31],  étudiant  l’efficacité  des  dispositifs  implantables  bio-
dégradables  de  dexaméthasone,  a  retrouvé  à  6  mois  un
gain  d’acuité  visuelle  de  15  lettres  ou  plus  chez  18  %
des  patients.  L’efficacité  des  corticoïdes  est  rapide,  maxi-
male  vers  le  deuxième  mois  mais  transitoire,  nécessitant
de  répéter  les  injections  en  cas  de  récidive.  Le  résultat
final  dépend  essentiellement  de  l’acuité  visuelle  initiale  :
meilleure  est  l’acuité  initiale,  meilleur  est  le  gain  visuel.
L’effet  indésirable  le  plus  fréquent  est  l’hypertonie  oculaire,
habituellement  bien  contrôlée  par  le  traitement  médical.
Une  cataracte  précoce  peut  apparaître,  nécessitant  éven-
tuellement  un  traitement  chirurgical.  Des  cas  d’aggravation
de  nonperfusion  capillaire  sous  stéroides  intraoculaires  ont
été  rapportés.

Il  n’existe  pas  de  consensus  concernant  la  rapidité  de
mise  en  œuvre  du  traitement  de  l’œdème  maculaire  post
OVCR  ni  du  choix  du  traitement.  Cependant,  leur  meilleure
sécurité  d’emploi,  et  leurs  propriétés  antiangiogéniques
rendent  les  anti-VEGF  plus  séduisants  comme  traitement  des
formes  récentes.

Cas  particulier  du  type  A  : en  présence  d’un  bas  débit
rétinien  aigu,  il  peut  être  envisagé  de  modifier  les  facteurs
contribuant  à moduler  le  bas  débit  rétinien,  c’est-à-dire
la  pression  intraoculaire  et  la  pression  artérielle.  Prescrire
des  hypotonisants  oculaires  est  logique,  ainsi  qu’alléger
un  traitement  antihypertenseur  (par  exemple,  supprimer
temporairement  un  anti-hypertenseur  si  la  tension  arté-
rielle  est  basse).  Ceci  n’est  bien  sûr  valable  que  pendant
la  phase  de  bas  débit  (c’est-à-dire  de  blanc  périveinulaire),
avant  l’apparition  d’un  œdème  maculaire.  Les  injections
intravitréennes  sont  à  proscrire  à  la  phase  aiguë  du  blanc
périveinulaire.

Complications  néovasculaires
S’il  existe  un  début  de  rubéose  irienne,  un  traitement
combiné  associant  une  injection  intravitréenne  d’antiVEGF
et  une  photocoagulation  doivent  être  réalisés  rapidement,
si  possible  en  une  seule  séance.  En  effet,  la  progression
de  la  néovascularisation  irienne  est  souvent  rapide  et  le
glaucome  néovasculaire  peut  s’installer  en  quelques  jours.
L’hypertonie  sera  traitée  dans  un  premier  temps  par  des
hypotonisants  locaux  voire  généraux.  En  cas  d’hypertonie
résiduelle  malgré  un  traitement  médical  et  une  pan-
photocoagulation  rétinienne  bien  conduite,  un  traitement
chirurgical  sera  nécessaire  s’il  persiste  une  acuité  visuelle
utile  (cyclodestruction,  trabéculectomie  voire  valve  de  déri-
vation).

L’indication  de  la  PPR  est  moins  claire  en  cas  de  non-
perfusion  angiographique  sans  néovascularisation.  En  effet,
la  Central  Vein  Occlusion  Study  n’a  pas  montré  de  bénéfice
à  faire  la  PPR  avant  l’apparition  d’une  néovascularisation
[32].

Traitement des facteurs de  risque

La  recherche  d’une  hypertension  artérielle  et  d’une  hyper-
tonie  oculaire  sera  faite  systématiquement  devant  une
occlusion  veineuse  rétinienne,  et  ces  deux  facteurs  de  risque
seront  traités,  l’hypertension  artérielle  pouvant  aggraver

Pour  citer  cet  article  :  Pierru  A,  et al.  Occlusions  veineuses  rétiniennes.  J  Fr  Ophtalmol  (2017),
http://dx.doi.org/10.1016/j.jfo.2017.04.003

ARTICLE IN PRESSModele +
JFO-1726; No. of Pages 10

Journal français d’ophtalmologie (2017) xxx, xxx—xxx

Disponible  en  ligne  sur

ScienceDirect
www.sciencedirect.com

REVUE GÉNÉRALE

Occlusions  veineuses  rétiniennes!

Retinal  vein  occlusions

A.  Pierru ∗,  J.-F.  Girmens,  E.  Héron,  M.  Paques

Centre  national  d’ophtalmologie  des  Quinze-Vingts,  28,  rue  de  Charenton,  75012  Paris,  France
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MOTS  CLÉS
Occlusion  de  la  veine
centrale  de  la  rétine  ;
Occlusion  de  branche
veineuse  rétinienne  ;
Occlusion  de  veine
hémisphérique
rétinienne  ;
Œdème  maculaire  ;
Ischémie

Résumé  Les  occlusions  veineuses  rétiniennes  se  regroupent  selon  leur  topographie  en  occlu-
sions de  la  veine  centrale,  hémiocclusions  veineuses  et  occlusions  de  branche  veineuse.  Elles
sont associées  à  l’hypertension  artérielle  et  au  glaucome,  et  ont  une  médiane  de  survenue  vers
55 ans.  La  pathogénie  des  occlusions  veineuses  rétiniennes  reste  indéterminée.  La  présenta-
tion clinique  de  la  maladie  est  très  variable.  Il  s’agit  le  plus  souvent  d’une  baisse  unilatérale
de l’acuité  visuelle,  avec  œil  blanc  et  calme.  Les  formes  sévères  peuvent  survenir  brutalement
et réduire  la  vision  à  une  perception  lumineuse,  tandis  que  certaines  formes  sont  asymptoma-
tiques. L’évolution  de  la  maladie  est  en  général  chronique,  souvent  entrecoupée  d’aggravations.
La complication  la  plus  fréquente  est  l’œdème  maculaire,  lié  soit  à  une  rupture  de  la  barrière
hématorétinienne  interne  maculaire,  soit  à  la  diffusion  vers  la  macula  d’un  œdème  papil-
laire. Le  glaucome  néovasculaire  est  la  complication  la  plus  grave,  lié  à  la  survenue  d’une
non-perfusion  capillaire  étendue.  Les  séquelles  visuelles  sont  fréquentes  et  parfois  sévères  s’il
existe une  ischémie  maculaire.  Le  degré  de  récupération  dépend  du  délai  de  recanalisation  de
la veine  et/ou  du  développement  d’une  circulation  collatérale.  Le  traitement  est  uniquement
symptomatique.  Les  inhibiteurs  du  vascular  endothelial  growth  factor  (VEGF)  et/ou  les  cor-
ticoïdes par  voie  intravitréenne  peuvent  améliorer  transitoirement  la  vision,  de  même  que  la
photocoagulation  maculaire,  ciblée  ou  non  sur  des  macroanévrysmes.
© 2017  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Abstract
Purpose The objective of this study was to compare the ana-
tomical and functional outcomes of ranibizumab versus
aflibercept for the treatment of macular edema due to central
retinal vein occlusion (CRVO) in routine clinical practice.
Methods Participants in this observational study included 62
treatment-naïve patients with CRVOwho received intravitreal
injections of either ranibizumab or aflibercept. The demo-
graphic data, best-corrected visual acuity (BCVA) and
spectral-domain optical coherence tomography (SD-OCT)
characteristics were evaluated at baseline and at months 1, 2,
3, 6, 12 and 18 post-treatment.
Results At month 18, the mean BCVA of ranibizumab-treated
eyes increased 7.9 letters, compared to 7.4 letters for eyes
receiving aflibercept, with a similar number of injections.
There was no statistically significant difference between the
two groups in letters or in central subfield thickness at month
18. At the end of the follow-up, 50% of patients in the
ranibizumab group and 42.9% in the aflibercept group showed
complete resolution of macular edema.

Conclusions Ranibizumab and aflibercept demonstrated sim-
ilar anatomical and functional outcomes over 18-month
follow-up in patients with macular edema due to CRVO, with
a similar number of injections.

Keywords Retinal vein occlusion . Optical coherence
tomography . Visual acuity . Central subfield thickness .

Ranibizumab . Aflibercept

Introduction

Central retinal vein occlusion (CRVO) is the second most
common retinal vascular disorder after diabetic retinopathy,
affecting mainly the adult population, and is considered an
important cause of visual loss [1]. The exact pathogenesis is
poorly understood, but several cardiovascular, thrombophilic,
systemic and ocular conditions predispose to CRVO [2–6].
Local inflammation has been also implicated in the patho-
physiology of CRVO [7]. In vivo assessment of vitreous fluid
in patients with CRVO has shown elevated levels of
pro-inflammatory mediators such as interleukin-6 (IL-6),
interleukin-8 (IL-8), endothelin-1, pentraxin 3 and vascular
endothelial growth factor (VEGF) [6–9]. Additionally, several
studies have identified a direct correlation between VEGF
levels and the severity of macular edema as well as the devel-
opment of retinal ischemia in CRVO, which are considered
the main causes of visual impairment in patients with CRVO
[10, 11].

Various treatment modalities have been used to treat mac-
ular edema due to CRVO, including laser photocoagulation,
intravitreal administration of steroids, surgical procedures
and, most recently, intravitreal anti-VEGF agents [12].
Specifically, ranibizumab (Lucentis®; Novartis, Basel,
Switzerland), a recombinant antigen-binding fragment that
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group (p = 0.325). Both groups demonstrated a significant re-
duction from baseline over the course of the study (p < 0.0001
for all comparisons). There was no statistically significant
difference in CST between the two groups at any time point,
although a slightly greater decrease in CST was shown at
month 6 in the ranibizumab group (p = 0.078). Figure 3 illus-
trates the mean CST in each group over time. At month 12, the
mean change in CST was −254.2 μm in the ranibizumab
group and −241 μm in the aflibercept group, with no signifi-
cant difference between groups (p = 0.753), while the mean
change at month 18 was −233 μm and −234.6 μm in the
ranibizumab and aflibercept groups, respectively (p = 0.917).
At month 12, 19 of 34 patients (55.9%) in the ranibizumab

group and 14 of 28 patients (50%) in the aflibercept group
demonstrated complete resolution of macular edema. At
month 18, complete resolution was seen in 50% and 42.9%
of patients in the ranibizumab and aflibercept groups,
respectively.

With regard to the type of macular edema, about 71% of
the patients in each group had cystoid macular edema and
29% had diffuse macular edema at baseline (p = 0.742).
Table 2 shows the evolution of macular edema over time.
At the 12-month follow-up, cystoid macular edema was
present in 23.5% and 28.6% of the ranibizumab and
aflibercept groups, respectively, while about 21% of pa-
tients in each group had diffuse macular edema. At month

Fig. 1 Evolution of visual acuity
in each group (ranibizumab and
aflibercept) at baseline and
months 1, 2, 3, 6, 12 and 18
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Fig. 2 Percentage of patients in each group (ranibizumab and aflibercept) gaining ≥5, ≥10 and ≥15 letters at months 12 and 18
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Clinical Effectiveness of Intravitreal Therapy With Ranibizumab
vs Aflibercept vs Bevacizumab for Macular Edema
Secondary to Central Retinal Vein Occlusion
A Randomized Clinical Trial
Philip Hykin, FRCOphth; A. Toby Prevost, PhD; Joana C. Vasconcelos, MSc; Caroline Murphy, MSc;
Joanna Kelly, MSc; Jayashree Ramu, MBBS; Barry Hounsome, PhD; Yit Yang, FRCOpth;
Simon P Harding, FRCOphth; Andrew Lotery, FRCOphth; Usha Chakravarthy, FRCOphth;
Sobha Sivaprasad, FRCOphth; for the LEAVO Study Group

IMPORTANCE The comparative clinical effectiveness of ranibizumab, aflibercept, and
bevacizumab for the management of macular edema due to central retinal vein occlusion
(CRVO) is unclear.

OBJECTIVE To determine whether intravitreal aflibercept or bevacizumab compared with
ranibizumab results in a noninferior mean change in vision at 100 weeks for eyes with
CRVO-related macular edema.

DESIGN, SETTING, AND PARTICIPANTS This prospective, 3-arm, double-masked, randomized
noninferiority trial (Lucentis, Eylea, Avastin in Vein Occlusion [LEAVO] Study) took place from
December 12, 2014, through December 16, 2016, at 44 UK National Health Service
ophthalmology departments. Inclusion criteria included age 18 years or older, visual
impairment due to CRVO-related macular edema of less than 12 months with best-corrected
visual acuity (BCVA) Early Treatment Diabetic Retinopathy Study letter score (approximate
Snellen equivalent) in the study eye between 19 (20/400) and 78 (20/32), and spectral
domain optical coherence tomography imaging central subfield thickness of 320 μm or
greater. Data were analyzed from March 4, 2019, to April 26, 2019.

INTERVENTIONS Participants were randomized (1:1:1) to receive repeated intravitreal
injections of ranibizumab (0.5 mg/0.05 mL) (n = 155), aflibercept (2.0 mg/0.05 mL)
(n = 154), or bevacizumab (1.25 mg/0.05 mL) (n = 154) for 100 weeks.

MAIN OUTCOMES AND MEASURES Adjusted mean change in BCVA in the study eye at 100
weeks wherein noninferiority was concluded if the lower bounds of the 95% CI of both the
intention-to-treat and the per protocol analyses were above –5 letters.

RESULTS Of 463 participants, 265 (57.2%) were male, with a mean (SD) age of 69.1 (13.0)
years. The mean (SD) gain in BCVA letter score was 12.5 (21.1) for ranibizumab, 15.1 (18.7) for
aflibercept, and 9.8 (21.4) for bevacizumab at 100 weeks. Aflibercept was noninferior to
ranibizumab (intention-to-treat–adjusted mean BCVA difference, 2.23 letters; 95% CI, –2.17 to
6.63 letters; P < .001). Bevacizumab was not noninferior to ranibizumab (intention-to-treat–
adjusted mean BCVA difference, –1.73 letters; 95% CI, –6.12 to 2.67 letters; P = .07). The per
protocol analysis conclusions were similar. Fewer mean injections were given in the
aflibercept group (10.0) than in the ranibizumab (11.8) group (mean difference at 100 weeks,
–1.9; 95% CI, –2.9 to –0.8).

CONCLUSIONS AND RELEVANCE Mean changes in vision after treatment of macular edema due
to CRVO were no worse using aflibercept compared with ranibizumab. Mean changes in
vision using bevacizumab compared with ranibizumab were inconclusive regarding vision
outcomes (ie, the change in visual acuity from baseline, on average, may be worse or may not
be worse when using bevacizumab compared with ranibizumab).
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visual gains by 24 weeks (eg, mean [SD] in the aflibercept group,
13.4 [16.4]) were, however, less than those reported in
COPERNICUS7 (mean [SD], 17.3 [12.8]) and SCORE214 (mean,
18.21; 95% CI, 15.71-20.72), in which 6 mandated injections were
given. Therefore, we speculated that 6 injections in the load-
ing phase may have led to a greater initial BCVA improve-
ment, although it is possible that recruitment of patients with
ischemic CRVO with limited potential for improvement and a
ceiling effect because of the upper baseline BCVA letter score
of 78 in LEAVO may have contributed to these differences. How-
ever, visual acuity gains increased from week 24 and were
maintained to 100 weeks for the first time in a comparative
study, to our knowledge. This finding suggests that the second-
year follow-up regimen of 4 to 8 weekly visits and retreat-
ment criteria using both increases and decreases in visual acu-
ity, coupled with OCT findings, might be more appropriate
compared with follow-up every 3 months7,16 and may mini-
mize second-year injections by identifying and promptly treat-
ing at-risk patients.

All 3 anti-VEGF agents caused a rapid decrease in OCT CST
owing to macular edema–related CRVO during the mandated
injection phase of this study, consistent with previous
trials.3-5,9,14 There was an adjusted mean OCT CST increase at
weeks 16 and 20 that was associated with fewer injections being
administered, and thus the mean CST reductions were less than

in SCORE 2 at 6 months (eg, aflibercept: SCORE2, –425 μm;
LEAVO, –319 μm). The mean CST gradually decreased there-
after in all groups and was consistent with visual acuity data
in our study, in contrast to SCORE2, in which OCT data did not
closely reflect visual acuity changes. The significantly greater
proportion of patients with a CST OCT of less than 320 μm at
weeks 52 and 100 with aflibercept compared with ranibi-
zumab is a novel finding in CRVO. Bevacizumab was no less
effective than ranibizumab in reducing OCT CST due to CRVO–
related macular edema, unlike for other retinal disorders.20-22

Fewer injections were required for aflibercept compared
with ranibizumab, an observation that was evident as early as
24 weeks, and the number of injections increased by 100
weeks. Such a difference in anti-VEGF agent injection has not
been previously reported in macular edema due to CRVO and
would be a potential advantage to aflibercept use in similar
populations.

The post hoc visual acuity analysis showed that bevaci-
zumab was not noninferior compared with aflibercept at both
52 and 100 weeks, consistent with the preplanned primary out-
come analyses. The incidence of adverse events was low over-
all, similar in the 3 treatment groups, and consistent with pre-
vious studies of CRVO,3-5,7 although the study was too small
to identify uncommon local and systemic drug-related
adverse effects.

Figure 3. Forest Plot of the Primary Outcome Intention-to-Treat (ITT) and Per Protocol (PP) Analyses
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Figure 2. Adjusted Mean Best-Corrected Visual Acuity Letter Score and Adjusted Mean Optical Coherence Tomography (OCT) Central Subfield
Thickness Across Groups to 100 Weeks
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weeks: aflibercept vs ranibizumab, –29.3 (95% CI, –60.9 to 2.3); bevacizumab
vs ranibizumab, 21.9 (95% CI, –9.7 to 53.4).
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Moins d’injections sous aflibercept (T&E)

Retina. 2018 apr 5

INJECTION FREQUENCY OF
AFLIBERCEPT VERSUS RANIBIZUMAB IN
A TREAT-AND-EXTEND REGIMEN FOR
CENTRAL RETINAL VEIN OCCLUSION
A Randomized Clinical Trial

MANUEL CASSELHOLM DE SALLES, MD, URBAN AMRÉN, MD, PHD, ANDERS KVANTA, MD, PHD,
DAVID L. EPSTEIN, MD, PHD

Purpose: To prospectively investigate the injection frequency of aflibercept and
ranibizumab in the treatment of macular edema in central retinal vein occlusion.

Methods: Patients with treatment-naive central retinal vein occlusion and macular
edema were randomized to receive intravitreal injections with aflibercept (n = 22) or rani-
bizumab (n = 23) in a treat-and-extend regimen with a follow-up time of 18 months. After 3
loading doses, the treatment intervals were extended by 2 weeks to a maximum of 12
weeks. Intervals were shortened by 2 weeks if macular edema recurred.

Results: The number of injections was significantly lower in the aflibercept group with
a mean of 10.9 injections (95% confidence interval, 9.6–12.3) compared with 14.4 in the
ranibizumab group (95% confidence interval 12.7–16.1) at study completion (P = 0.0017).
The mean treatment interval was significantly longer in the aflibercept group compared with
the ranibizumab group 10.0 (95% confidence interval, 8.7–11.3) and 6.6 (95% confidence
interval, 5.2–8.0) weeks, respectively (P , 0.001). No significant difference between the
groups regarding visual acuity or central retinal thickness was observed.

Conclusion: Patients with macular edema secondary to central retinal vein occlusion
required significantly fewer intravitreal injections of aflibercept compared with ranibizumab
when treated with a treat-and-extend regimen. This may reduce the treatment burden and,
to some extent, the need for close monitoring of patients.

RETINA 0:1–7, 2018

Retinal vein occlusion is a common cause of visual
impairment.1 Studies of the visual outcome of

central retinal vein occlusion (CRVO) have shown
a poor visual prognosis without treatment.2 The advent
of intravitreal vascular endothelial growth factor
(VEGF) inhibitors marked a new paradigm in the man-
agement of CRVO.3–5

In vitro studies have shown that aflibercept may
have a substantially higher affinity to VEGF-A, the

main pathologic isoform, than ranibizumab, and
mathematical models suggest that aflibercept can
maintain intravitreal VEGF binding for a longer period
than ranibizumab.6,7 However, recent studies have
failed to confirm the differences in binding character-
istics and potencies between the two drugs.8,9 Never-
theless, it has been shown that aflibercept reduces
aqueous VEGF levels more than ranibizumab 2
months after intravitreal injections in CRVO pa-
tients.10 However, there are no randomized studies
comparing the injection frequency of the two drugs,
and it is unclear how the theoretical models and the
in vitro studies translate into clinical practice. We con-
ducted a prospective, randomized trial with the aim to
compare injection frequency with aflibercept and rani-
bizumab in the treatment of macular edema (ME)
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OVCR, 45 patients naïfs
T&E après 3 injections (cappé)

achieved a visual gain of 15 ETDRS letters or more.
There was no significant difference between the two
groups. The percentage of patients reaching BCVA
required for drivers license (Snellen equivalent, 20/
40) was 59.1% and 52.4% in the IVA and IVR groups,
respectively (P . 0.05).

Anatomical Outcome

There was no significant difference in anatomical
outcome between the treatment groups (Table 3,
Figure 4).

Safety

There were no events of endophthalmitis, retinal
tear, or retinal detachment during the study period.
There were 3 serious adverse events (Table 2). One
patient, 90 years old, had a myocardial infarction 3
weeks after his 11th injection of ranibizumab. Two
patients died during the study. An 81-year-old patient

died from myocardial infarction 10 weeks after his 9th
injection of aflibercept. Another patient, 86 years old,
had a ruptured aortic aneurysm 11 weeks after his 8th
dose of intravitreal aflibercept.

Discussion

Our study is the first randomized prospective trial to
show that aflibercept has a longer effect duration
compared with ranibizumab when treating ME fol-
lowing CRVO in a treat-and-extend regimen. In this
cohort of patients, aflibercept reduced the need for
injections by 24.3% during the study period, and the
mean injection interval was more than 3 weeks longer
in the IVA group. The anatomical and visual out-
comes, however, were similar in the two treatment
arms. There are no previous studies comparing
injection frequency between aflibercept and ranibizu-
mab in CRVO. Saishin et al10 recently compared the
aqueous VEGF levels between the drugs 2 months

Fig. 1. Percentage of patients at
each injection interval at 18
months in the intent-to-treat
population (n = 43). W, weeks.

Fig. 2. Cumulative number of
injections given at 6, 9, 12, 15,
and 18 months from baseline in
the intent-to-treat population
(n = 43). From month 9 onward,
there was a significant differ-
ence in the number of injections
(P , 0.05). Error bars represent
95% CI. IVA, intravitreal afli-
bercept; IVR, intravitreal
ranibizumab.
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after intravitreal injection in CRVO patients. In pa-
tients treated with ranibizumab, there were signifi-
cantly higher levels of VEGF and a trend for
increased central retinal thickness at the end of every
2-month interval. This suggests that ranibizumab may
have a shorter lasting effect on ME than aflibercept in
patients with CRVO. This is supported by the study of
Niwa et al11 that compared the pharmacokinetic prop-
erties and VEGF-suppressing effect of intravitreal afli-
bercept and ranibizumab in macaque eyes. The two
drugs displayed similar half-lives in aqueous humor,
but concentrations of aqueous VEGF were kept below
levels of detection longer (6 weeks) with aflibercept
compared with ranibizumab (3 weeks). One explana-
tion for this could be the stronger affinity to VEGF-A
of aflibercept.6,7 Furthermore, aflibercept also binds to
other members of the VEGF family, such as placental
growth factor and VEGF-B.7 However, the clinical
significance of this remains unclear. Previously, it
has been shown that patients with CRVO have very
high levels of intravitreal VEGF.12–14 Aflibercept may
be advantageous under these circumstances when
treating ME. This advantage may be less obvious
when treating other vascular retinopathies with less
increased VEGF levels. Our patients achieved a mean
visual gain of 22.4 and 20.0 ETDRS letters in the IVA
and IVR groups, respectively. This is higher than the
6- and 12-month results of the CRUISE, COPERNI-
CUS, and GALILEO trials that compared ranibizumab

and aflibercept with sham treatment. In these trials the
mean visual gain was 14.9, 17.3, and 18.0 ETDRS
letters at 6 months and 13.9, 16.2, and 16.9 ETDRS
letters at 12 months, respectively.15–17 Patients in the
present study had better visual gain at 6 months with
a mean number of injections of 5.3 compared with
monthly injections in the above-mentioned studies.
Therefore, the difference in injection frequency is
unlikely to explain better visual outcome. Patient
age, disease duration, and baseline visual acuity may
also influence visual outcome. In the RETAIN study,
approximately half of the patients with CRVO had
recurrent ME. This group of patients had a higher
mean age compared with the group with resolved
edema, and the authors concluded that age might be
an important factor.18 In our cohort, the mean age was
69.9 years, which is in parity with the CRUISE study.4

In the COPERNICUS and GALILEO trials, patients
were younger, 65.5 and 59.9 years, respectively.16,19

Thus, age does not seem to explain the better visual
outcome in our patients. A low visual acuity at base-
line has been associated with a higher visual gain. In
the COPERNICUS and CRUISE trials, patients gained
more ETDRS letters if baseline visual acuity was
low.4,5 Our patients mean baseline BCVA was lower
than that in the above-mentioned trials and also the
GALILEO trial; it was 48.2 (20/100) in the IVA group
compared with 50.7 (20/100) and 53.6 (20/80) in CO-
PERNICUS and GALILEO, respectively.5,19 The IVR

Table 3. Visual and Anatomical Outcomes at 18 Months in the ITT population (n = 43)

Parameter Aflibercept Ranibizumab

Total no. 22 21
Mean BCVA gain (ETDRS [95% CI]) 22.4 (15.3–29.4) 20.0 (11.1–28.9)
Mean change in CRT (mm [95% CI]) 550.4 (440.0–661.0) 551.8 (466.5–667.0)

No significant difference between treatment groups for all parameters.
CRT, central retinal thickness; ITT, intent-to-treat.

Fig. 3. Mean BCVA gain at 1,
2, 6, 12, and 18 months from
baseline in the intent-to-treat
population (n = 43). There was
no significant difference in
BVCA gain between the groups.
Error bars represent 95% CI.
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Etudes « IRL » en faveur de l’aflibercept…
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ABSTRACT
Background/Aims To compare the efficacy of 
ranibizumab (0.5 mg) with aflibercept (2 mg) in the 
treatment of cystoid macular oedema due to branch 
retinal vein occlusion (BRVO) over 12 months.
Methods A multicentre, international, database 
observational study recruited 322 eyes initiating therapy 
in real- world practice over 5 years. The main outcome 
measure was mean change in EDTRS letter scores 
of visual acuity (VA). Secondary outcomes included 
anatomic outcomes, percentage of eyes with VA >6/12 
(70 letters), number of injections and visits, time to first 
inactivity, switching or non- completion.
Results Generalised mixed effect models demonstrated 
that mean (95% CI) adjusted 12- month VA changes for 
ranibizumab and aflibercept were similar (+10.8 (8.2 
to 13.4) vs +10.9 (8.3 to 13.5) letters, respectively, 
p=0.59). The mean adjusted change in central subfield 
thickness (CST) was greater for aflibercept than 
ranibizumab (−170 (−153 to –187) µm vs −147 (−130 
to –164) µm, respectively, p=0.001). The overall median 
(Q1, Q3) of 7 (4, 8) injections and 9 (7, 11) visits was 
similar between treatment groups. First grading of 
inactivity occurred sooner with aflibercept (p=0.01). 
Switching was more common from ranibizumab (37 eyes, 
23%) than from aflibercept (17 eyes, 11%; p=0.002).
Conclusion Visual outcomes at 12 months in this direct 
comparison of ranibizumab and aflibercept for BRVO in 
real- world practice were generally good and similar for 
the 2 drugs, despite a greater effect of aflibercept on CST 
and time to first grading of inactivity.

INTRODUCTION
Randomised controlled trials (RCTs) have provided 
the safety and efficacy data for ranibizumab and 
aflibercept to become first- line treatments recom-
mended in international guidelines for cystoid 
macular oedema (CMO) secondary to branch retinal 
vein occlusion (BRVO).1–7 Less is known about the 
outcomes in real- world clinical practice. Evidence 
from routine care can complement RCTs since they 
have higher levels of external validity that is more 
generalisable to the broader population.8

Current evidence derived from routine care 
regarding vascular endothelial growth factor 

(VEGF) inhibitors for BRVO includes a hetero-
geneous series of retrospective reviews, mainly in 
single centres, studying various treatment regimens, 
often in combination with, or compared with, laser 
or steroids. Most studies concern ranibizumab 
and bevacizumab.9–21 A systematic review of real- 
world BRVO studies concluded that the visual and 
anatomic improvements were less impressive than 
in RCTs, with fewer injections in the real- world 
studies.22

The UK EMR Users Group recently reported 
outcomes of treatment with either anti- VEGF, 
steroids or laser in 5661 patients with BRVO, with 
80% loss to follow- up at 12 months.23 The LUMI-
NOUS study enrolled 326 eyes with treatment- 
naïve BRVO receiving ranibizumab with 54% loss 
to follow- up at 12 months.24

The Fight Retinal Blindness! outcomes registry 
has provided data on real- world outcomes for 
neovascular age- related macular degeneration,25–27 
and for diabetic macular oedema treated with VEGF 
inhibitors.28 The aims of this study were to report 
real- world outcomes and comparative analysis of 
ranibizumab and aflibercept, in treatment- naïve 
eyes with CMO due to BRVO using observational 
data tracked in a large international patient registry.

MATERIALS AND METHODS
Design and setting
This was an international, multicentre, retrospec-
tive study using data from the retinal vein occlusion 
module of the web- based Fight Retinal Blindness! 
registry.29 The study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology 
checklists for reporting observational studies.30

Data sources and measurements
Treatment decisions and timing were at the discre-
tion of the physician and patient, reflecting routine 
clinical practice. Mandatory data points were popu-
lated at each clinical visit via a web- based interface. 
Variables were either numeric, mutually exclusive 
or a selection from a drop- down menu. Logarithm 
of the minimum angle of resolution (logMAR) 
visual acuity (VA) (best of uncorrected, corrected 
or pinhole) was expressed in letters read . Macular 
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ABSTRACT.
Purpose: To compare 12-month treatment outcomes of eyes receiving aflibercept or
ranibizumab for macular oedema secondary to central retinal vein occlusion (CRVO) in
routine clinical practice.

Methods: 296 treatment-na€ıve eyes receiving either aflibercept (171 eyes, 2 mg) or
ranibizumab (125 eyes, 0.5 mg) for macular oedema secondary to CRVO were recruited
retrospectively from centres using the prospectively designed FRB! registry. The primary
outcome measure was the mean change in LogMAR letter scores of visual acuity (VA).
Secondary outcomes included change in central subfield thickness (CST), injections and visits,
time to first grading of inactivity, switching and non-completion from baseline to 12 months.

Results: Baseline VA (SD) was somewhat better in aflibercept- versus ranibizumab-
treated eyes (42.5 ! 25.5 letters versus 36.9 ! 26 letters; p = 0.07) with similar CST
(614 (240) lm versus 616 (234) lm: p = 0.95). The 12-month adjusted mean (95%CI) VA
change was +16.6 (12.9, 20.4) letters for aflibercept versus +9.8 (5.5, 14.1) letters for
ranibizumab (p = 0.001). The mean (95%CI) adjusted change in CST was significantly
greater in aflibercept- versus ranibizumab-treated eyes: "304 ("276, "333) µm versus
"252 ("220, "282) µm (p < 0.001). Both groups had a median (Q1, Q3) of 7 (5, 9)
injections and 10 (8,13) visits. Aflibercept-treated eyes became inactive sooner than
ranibizumab (p = 0.02). Switching occurred more commonly from ranibizumab (26 eyes,
21%) than from aflibercept (9 eyes, 5%) (p < 0.001).

Conclusion: Both aflibercept and ranibizumab improved VA and reduced CST in eyes
with CRVO in routine clinical practice, with aflibercept showing significantly greater
improvements in this comparative analysis.
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Introduction
Treatment of central retinal vein occlu-
sion (CRVO) has progressed from
prevention of sight-threatening seque-
lae (Hayreh 2003) to vascular endothe-
lial growth factor (VEGF) inhibitors,
which randomized controlled trials
(RCTs) suggest can improved vision
significantly (Campochiaro et al. 2011;
Boyer et al. 2012; Brown et al. 2013;
Korobelnik et al. 2014). There are,
however, limited data showing that
these impressive RCT outcomes are
being achieved in routine clinical care
and whether the licenced drugs, afliber-
cept and ranibizumab, are equivalent in
the general population.

Randomized controlled trials
(RCTs) mandate frequent intravitreal
injections that pose a significant treat-
ment burden which is difficult to
always achieve in routine clinical prac-
tice (Kiss et al. 2014; Lotery & Regnier
2015; Stallworth et al. 2020). Various
retrospective observational analyses
suggest that fewer injections are given
in the first 12 months than in RCTs,
with correspondingly lower visual acu-
ity gains (Chatziralli et al. 2017, 2018;
Kitagawa et al. 2018; Callizo et al.
2019). On average, 4–5 injections were
given in the first 12 months, resulting
in an average visual gain of approxi-
mately 1.2 lines (Lotery & Regnier
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Influence de la présentation ?
ACCURACY AND PRECISION OF
INTRAVITREAL INJECTIONS OF ANTI–
VASCULAR ENDOTHELIAL GROWTH
FACTOR AGENTS IN REAL LIFE
What Is Actually in the Syringe?

ITAMAR LOEWENSTEIN,* MICHAELLA GOLDSTEIN, MD,*† JOSEPH MOISSEIEV, MD,†‡
ELAD MOISSEIEV, MD*†

Purpose: To evaluate the accuracy and precision of anti–vascular endothelial growth
factor volume delivery by intravitreal injections in the clinical setup.

Methods: Volume output was measured in 669 intravitreal injections administered to
patients, calculated from the difference in syringe weight before and after expelling the
drug. Three groups were included: prefilled bevacizumab 1.0 mL syringe (Group 1, n = 432),
pre-filled ranibizumab in a small-volume syringe with low dead-space plunger design
(Group 2, n = 125), and aflibercept drawn and injected using a 1.0-mL syringe (Group 3,
n = 112). Accuracy was analyzed by mean absolute percentage error, and precision by
coefficient of variation.

Results: Volume outputs in all 3 groups were significantly different from the target of 50
mL (P , 0.0001 for all), and mean absolute percentage error values were 12.25% ± 5.92%
in Group 1, 13.60% ± 8.75% in Group 2, and 24.69% ± 14.84% in Group 3. No difference
was found between groups 1 and 2, but both were significantly more accurate than Group 3
(P , 0.0001 for both).

Conclusion: The current practices used for intravitreal injections are highly variable, with
overdelivery of the anti–vascular endothelial growth factor drugs measured in most cases,
but underdelivery in 16.3% of injections. Use of a prefilled syringe was associated with
improved accuracy, and low dead-space plunger design may improve precision.

RETINA 0:1–7, 2018

Intravitreal injections of anti–vascular endothelial
growth factor (VEGF) agents are an effective treat-

ment for numerous retinal diseases, including the most
common conditions which include age-related macular
degeneration, diabetic macular edema, and cystoid
macular edema secondary to retinal vascular occlu-
sions. The high volume of patients who require intra-
vitreal injections of anti-VEGF agents and the fact that

in most cases long-term repeated injections are
required have made this procedure the most common
procedure performed in ophthalmology.1–3 At the
present, there are three anti-VEGF agents that are
commonly used in clinical practice. These include
bevacizumab (Avastin; Genentech, San Francisco,
CA), ranibizumab (Lucentis; Genentech), and afliber-
cept (Eylea, Regeneron Pharmaceuticals, Inc, Tarry-
town, NY). The therapeutic doses of all three drugs
(1.25 mg for bevacizumab, 0.5 or 0.3 mg for ranibi-
zumab, and 2.0 mg for aflibercept) are achieved by
injecting a volume of 0.05 mL (50 mL) into the vitre-
ous cavity.
Many studies have focused on the technical aspects

of performing intravitreal injections, from the method
of anesthesia, needle size, and patient pain to the use of
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(RADWAG model AS xxx.X2; RADWAG Wagi
Elektroniczne, Radom, Poland) with a resolution of
0.1 mg. The weight measurement was performed
while maintaining sterile conditions, after the syringe
was prepared by the injection physician attempting to
achieve the target volume. The weight of the syringe,
needle, and drug was measured, and then again after
the drug was delivered into the vitreous cavity. Care
was taken to wipe any fluids on the external surface of
the syringe and needle.
The weight of the delivered amount of drug was

calculated from the difference in weight of the syringe
and needle before and after the injection. The weight
values were then converted to volumes by accounting

for their different densities, which have been measured
previously by measuring the weight of a fixed volume
of drug drawn using a calibrated pipette.16 These den-
sities were: bevacizumab 1.030 g/mL, ranibizumab
1.032 g/mL, and aflibercept 1.034 g/mL. Weights were
recorded in mg units (the scale had a measuring reso-
lution of 0.1 mg), and volumes in mL units. The mea-
sured delivered volume was termed “volume output.”

Statistical Analysis

Accuracy was defined as the proximity of the
volume output to the intended volume of 50 mL as
determined using one-sample t-tests and the mean
absolute percentage error, which is the mean of the
absolute value of the differences between the mea-
sured and intended volume output (Ax 2 Ix), divided
by the intended volume output (Ix), multiplied by 100:

MAPE ¼ 1
n

Xn

x¼1

jAx2 Ix
Ix

j · 100

An a priori power calculation was performed to
determine the required sample sizes for comparison
with the target volume of 50 mL. Assuming a differ-
ence of 10% in the output volume was significant, it
was calculated that a sample of 21 injections would
achieve a power of 90%.
Precision was defined as the uniformity of repeated

measures as represented graphically using a scatter
plot and measured by the coefficient of variation,
which is defined as the ratio of the SD (s) to the mean
of the measured values (m):

CV ¼ s

m

The output volumes of different groups were
compared using nonpaired t-tests. Post hoc power cal-
culations were also performed. A P value of ,0.05
was determined as the criteria for statistical signifi-
cance. Data were analyzed using SPSS for Windows,
version 21 (IBM Corp, Armonk, NY).

Results

The study included 669 intravitreal injections. These
included 432 (64.6%) injections of bevacizumab, 125
(18.7%) injections of ranibizumab, and 112 (16.7%)
injections of aflibercept. The indications for injections
included primarily age-related macular degeneration
(465 injections, 69.6%), diabetic macular edema (114
injections, 17.0%), and cystoid macular edema asso-
ciated with retinal vascular occlusions (72 injections,

Fig. 1. The syringes used for intravitreal in this study. A. A prefilled
1.0-mL syringe used for the injection of bevacizumab. B. A prefilled
small volume syringe used for the injection of ranibizumab. C. A 1.0-
mL syringe used for the drawing and injection of aflibercept. Next to
each syringe is a higher magnification image of its tip and plunger. Note
the low dead-space dome-shaped design of the plunger of the ranibi-
zumab syringe, which has to be pushed up to the black line on the
syringe (B), and the flat plunger in the other syringes, which has to be
pushed up to the 0.05-mL scale marks in the images (A and C).
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commercially available in a prefilled small volume
syringe. Bevacizumab and aflibercept are not available
in similar syringes, and are typically injected using 1.0-
mL syringes.
In this study, we have investigated the accuracy and

precision of three combinations of anti-VEGF drug,
drawing technique, and syringe in delivering the target
volume of 50 mL into the vitreal cavity. This is the first
study to perform this analysis in intravitreal injections
administered to patients. Our results demonstrated that
groups 1 and 2 were more accurate than Group 3, with
no significant difference between them. We suggest 2
reasons which may explain the lower accuracy in Group
3. First, in this group, the drug was drawn from a vial by
the injecting physician, whereas in the others, a prefilled
syringe was used. Second, it has been suggested that
aflibercept is more likely to have bubbles to form in
the syringe when drawn because it has a higher protein
content than bevacizumab and ranibizumab.17 It is pos-
sible that the additional step in the preparation along with
the different composition of the drug resulted in more air
bubbles in the syringe and more difficulty in preparing
the dose to be injected, thus leading to the reduced accu-
racy in Group 3.

Previous works on prefilled syringes have reported
that their use significantly reduced the preparation time
for intravitreal injections.18,19 Our findings indicate
that use of a prefilled syringe may also be advanta-
geous in improving the accuracy of anti-VEGF drug
delivery.
Group 3 was also found to be the least precise,

which can also be explained by the reasons discussed
above. Although Group 1 had a lower coefficient of
variation than Group 2, it is important to note that
these values cannot be compared using a t-test. When
reviewing the data in the box-and-whiskers plot (Fig-
ure 2) and the scatter plot (Figure 3), it seems that the
distribution of volume output in Group 2 is much
smaller, suggesting that it is the most repeatable and
precise.
A recent study has reported that use of a syringe

with a low dead-space plunger achieved improved
precision in volume output.16 The ranibizumab pre-
filled syringe has a dome-shaped rubber plunger,
which along with the shaft design of the syringe results
in a lower dead space compared with the flat rubber
plunger in the standard 1.0-mL syringes. Our results
are compatible with the previous findings and indicate

Fig. 2. Box-and-whiskers plot showing mean volume output for the 3 groups, compared with the intended volume of 50 mL (bold line). The top and
bottom lines of the box indicate the first and third quartiles, with the median at the center; the top and bottom lines represent the minimum and
maximum.
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Guido Becker4, Salomon-Yves Cohen1,2

1 entre ospitalier nter ommunal r teil  ni ersit  aris st  r teil  ran e
2 entre p talmologi ue d magerie et de aser  aris  ran e

 o ar s arma  Basel  itzerland
4   uri   itzerland
5 o ar s arma ran e  aris  ran e

Introduction

n re ent years  t ere as been a signifi ant in rease 
in t e number of pa ents o re uire and are eligible for 
treatment of re nal ondi ons  in luding isual impair-
ment due to neo as ular age related ma ular degenera on 

 isual impairment due to diabe  ma ular edema 
 isual impairment due to ma ular edema follo ing 

re nal ein o lusion  and isual impairment due to 

ABSTRACT
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dural simpli ity for intra itreal in e ons
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Modification inter-classes

Retina. 2013;33(6):1227–31. 

141

M. G, 73 ans

• Antécédents :
– HTO sous brimonidine+timolol

• OVCR OD en mai 2010
– Laser maculaire (???)
– Janvier 2011, 1/20 : essai bevacizumab

• Amélioration pendant 3 semaines

–Mars 2011 : 2,5/10
• Récidive OMC
• mais part à l’étranger…
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Juillet 2011 (OVCR>1an) : 2/10, P10 (16 mmHg)
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Octobre 2011 (1 mois après 3e) : 6/10 (22mmHg)

145

Octobre 2011 (1 mois après 3e) : 6/10 (22mmHg)

Repart…
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Janvier 2012 : 0,15 à 0,2ff (23mmHg)
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Mars 2012 (+2M) : 6/10 (35mmHg)
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... Ou d’un anti-VEGF à l’autre

. Retina 2014;34:2439–43

RESPONSE TO AFLIBERCEPT AS
SECONDARY THERAPY IN PATIENTS
WITH PERSISTENT RETINAL EDEMA DUE
TO CENTRAL RETINAL VEIN OCCLUSION
INITIALLY TREATED WITH
BEVACIZUMAB OR RANIBIZUMAB
JAMES A. EADIE, MD, MICHAEL S. IP, MD, AMOL D. KULKARNI, MD

Background: Recent advances have given practitioners options for the treatment of
macular edema secondary to central retinal vein occlusion. These options include steroid
injections and implants as well as anti-vascular endothelial growth factor medications.
However, there is little in the medical literature to guide secondary therapy when an initial
treatment strategy is insufficient. The authors present encouraging results from the
treatment of six consecutive cases of central retinal vein occlusion treated with aflibercept
as a secondary therapy for macular edema refractory to repeated intravitreal bevacizumab
or ranibizumab injections.

Methods: A retrospective review of six consecutive cases of central retinal vein
occlusion with persistent macular edema despite regular anti-vascular endothelial growth
factor injections that were transitioned to aflibercept was conducted. Optical coherence
tomography and visual acuity data were examined.

Results: All six eyes from the six patients included showed either complete or near
complete resolution of macular edema with one or two injections of aflibercept. The
improvement in edema was accompanied by lasting modest visual gains in three of the six
patients and in subjective visual improvement in four of the six patients.

Conclusion: The six eyes in this series all responded favorably to aflibercept as
a secondary therapy. Although the sample size is too small to draw definitive conclusions,
the results are encouraging.

RETINA 0:1–5, 2014

Recent advances have given practitioners multiple
options for the treatment of macular edema due to

central retinal vein occlusion (CRVO). These options
include intravitreal corticosteroid injections, corticoste-
roid implants, and anti-vascular endothelial growth
factor agents. The SCORE,1 GENEVA,2 CRUISE,3

and now COPERNICUS4 trials indicate that all of
these options have benefit to patients with macular

edema secondary to CRVO. The SCORE and
GENEVA trials evaluated the use of corticosteroid
injections and implants, respectively, whereas the
CRUISE and COPERNICUS trials evaluated ranibizu-
mab and aflibercept, both primarily anti-vascular
endothelial growth factor agents. In addition, many
practitioners use bevacizumab off-label for this condi-
tion. There are numerous studies with level 2 and level
3 evidence demonstrating the safety and efficacy of
bevacizumab for CRVO.5–7 At present, anti-vascular
endothelial growth factor (VEGF) therapy is the most
commonly used primary therapy because of the
perceived superior safety profile (less cataract and
intraocular pressure elevation) compared with cortico-
steroid therapy.
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CRVO with persistent edema on OCT despite regular
anti-VEGF treatment with bevacizumab or ranibizu-
mab were identified. The majority of these patients
(5/6) had visual acuity better than 20/400 at their initial
presentation. These patients were given intravitreal
aflibercept injections as secondary therapy. Visual
acuity and OCT images were examined before and
1 month to 2 months after treatment with aflibercept.
Data from the most recent follow-up appointment were
also analyzed. The mean pre-aflibercept OCT thickness
at the center point was 524 mm. One month after injec-
tion, this thickness decreased to a mean of 208 mm. At
their most recent follow-up visit (minimum 3 months
after transition), the average thickness was 234 mm
(Table 1 and Figure 1). All six eyes had a reduction
in the amount of macular edema on OCT. One patient
did have a recurrence of edema when extended beyond
5 weeks. Lasting modest visual acuity improvements
were seen in three of the six patients. Four of the six
patients experienced a subjective improvement of
visual acuity in addition to improvement on OCT.
The average number of anti-VEGF injections before

the transition to aflibercept was 17.8 (range, 10–28).
These data are summarized in Table 1. Pre- and post-
aflibercept OCT images for the first 4 patients are
shown in Figure 2. The patient with the worst visual
outcome (Case 5) had a distinct loss of retinal archi-
tecture including outer retinal bands, before transition,
which may account for the lack of improvement in
visual acuity objectively and subjectively.

Discussion

There are now multiple treatment modalities for
macular edema secondary to CRVO with good evi-
dence to support the use of these therapies. The clinical
trials that support the use of these therapies compare
each treatment to sham1–4 rather than to each other.
There is little in the medical literature that compares
one treatment modality to another. Xiaoyan et al pub-
lished a series of 31 consecutive CRVO cases random-
ized to receive bevacizumab or triamcinolone. They
showed no statistical difference in macular thickness

Fig. 1. Pre-aflibercept optical
coherence tomographic images
in the left column with the
corresponding post-aflibercept
optical coherence tomographic
images on the right.
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or best-corrected visual acuity between the two groups
in this small series.10 Similarly, Mayer et al11 found no
difference in best-corrected visual acuity in patients
with CRVO who were treated with dexamethasone
implant monotherapy versus three loading doses of bev-
acizumab followed by dexamethasone implant. When
a given treatment fails, there is little evidence to guide
practitioners as to what is an appropriate second-line
therapy. The six eyes in this series all responded to
aflibercept as a secondary therapy. Although the sample
size is too small to draw definitive conclusions, the
results are encouraging. All six eyes had reduction of
retinal thickness, if not total resolution of macular
edema, on OCT imaging with one injection. These
gains were relatively preserved as patients were contin-
ued on this treatment, although some trace exudation
persisted in four of the six patients. Subjective improve-
ment was noted in four of the six patients. Three pa-
tients noted immediate subjective improvement in
vision, whereas one noted an improvement after three
injections of aflibercept. This suggests that aflibercept
may be a viable treatment option in patients who do not
have an optimal response to initial therapy with beva-
cizumab or ranibizumab.
This study has several inherent weaknesses. This is

a retrospective study. Although the cases are consec-
utive, it is possible that the treating physician did not
use aflibercept as a secondary therapy in some eyes
felt likely to be refractory to any second-line therapy,
resulting in ascertainment bias. The follow-up data for
these patients are limited in length, ranging from
3 months to 9 months after therapeutic transition. It is
not clear whether tachyphylaxis to aflibercept will
develop. Additionally, not all eyes were treated with

the same dosing schedule before the transition to
aflibercept. Most of the eyes were treated with
bevacizumab and/or ranibizumab using a treat and
extend regimen so that the dosing schedule was
variable before the transition. Ideally, all eyes would
have been treated with bevacizumab and/or ranibizu-
mab on a monthly schedule, for a minimum number of
injections before transitioning to aflibercept.
Despite the shortcomings described above, the

initial responses to aflibercept in these patients are
encouraging. In each case, there was a rapid reduction
in OCT measured retinal thickness and modest sub-
jective and objective improvement in visual acuity in
a patient population that was deemed refractory to
initial therapy with bevacizumab and/or ranibizumab.
Further studies are needed to determine if these results
can be replicated.

Key words: CRVO, aflibercept, macular edema,
intravitreal pharmacotherapy.
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retina thickness pre-aflibercept,
post-aflbercept, and at last fol-
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Aflibercept for Previously Treated Macular
Edema Associated with Central Retinal Vein
Occlusions: 1-Year Results of the NEWTON
Study

Rahul N. Khurana, MD,1,2 Louis K. Chang, MD, PhD,1 Alok S. Bansal, MD,1,2 James D. Palmer, MD,1

Chengqing Wu, PhD,3 Mark R. Wieland, MD1

Purpose: To determine whether aflibercept (Eylea; Regeneron Pharmaceuticals, Tarrytown, NY) can extend
the macular edemaefree interval in patients with nonischemic central retinal vein occlusions (CRVOs) previously
treated with ranibizumab (Lucentis; Genentech, South San Francisco, CA) or bevacizumab (Avastin; Genentech,
South San Francisco, CA).

Design: Prospective, single-arm, interventional study.
Participants: Twenty patients with chronic nonischemic CRVOs.
Methods: Patients with nonischemic CRVOs previously treated with ranibizumab or bevacizumab were

switched to aflibercept. The inclusion criteria included treatment for !6 months with !3 initial loading doses and
evidence of recurrence of edema when treatment with either ranibizumab or bevacizumab extended beyond
4 weeks. Intravitreal aflibercept was administered with a treat-and-extend dosing regimen. Injection frequencies
were extended 2 weeks if there were no signs of disease activity on OCT or change in visual acuity.

Main Outcome Measures: Macular edemaefree interval at week 52.
Results: Twenty patients had an average duration of a CRVO for 22 months (range, 7e90 months) and

averaged an antievascular endothelial growth factor (anti-VEGF) treatment every 42 days (range, 28e60 days).
These patients received a mean of 15 treatments (range, 5e47 treatments) of ranibizumab or bevacizumab for
macular edema secondary to nonischemic CRVO. Among the 17 patients who completed 1 year of follow-up,
94% had a greater macular edemaefree interval with aflibercept treatment. The macular edemaefree interval
increased from 5.4 weeks to 9.1 weeks when treatment was switched to aflibercept (P ¼ 0.000003). There was an
average increase of 26 days (range, 0e63 days) in the macular edema free interval with aflibercept. There was an
improvement in vision (þ6 Early Treatment Diabetic Retinopathy Study letters, P ¼ 0.02) and decreased retinal
thickness (152 mm, P ¼ 0.0002) with aflibercept treatment.

Conclusions: In patients previously treated with ranibizumab or bevacizumab for macular edema due to
nonischemic CRVO, aflibercept increased the macular edema free interval. This may help minimize the treatment
burden in patients with recurrent macular edema secondary to nonischemic CRVO. Ophthalmology
Retina 2018;2:128-133 ª 2017 by the American Academy of Ophthalmology

Macular edema is the most common cause of decreased
vision in patients with central retinal vein occlusion
(CRVO).1 Vascular endothelial growth factor (VEGF) plays
a critical role in the pathophysiology of vascular
permeability and the development of macular edema in
CRVO.2 Neutralization of VEGF by intravitreal injections
of ranibizumab (Lucentis; Genentech, South San
Francisco, CA), a Fab fragment that specifically binds all
isoforms of VEGF-A, reduces macular edema and
improves vision.3,4 The Ranibizumab for the Treatment of
Macular Edema after Central Retinal Vein Occlusion Study:
Evaluation of Efficacy and Safety (CRUISE) study was a
phase III, prospective, double-masked, multicenter trial that
demonstrated that injection of 0.3 or 0.5 mg of ranibizumab
every month for 6 months in patients with CRVO resulted in

improvements in best-corrected visual acuity (BCVA) of
12.7 and 14.9 letters, respectively, compared with 0.8 letter
in the sham group.3 The off-label use of bevacizumab
(Avastin; Genentech, South San Francisco, CA), a mono-
clonal antibody that binds to VEGF, is also effective to treat
macular edema secondary to CRVO.5

However, long-term follow-up of these patients revealed
that the macular edema associated with CRVO requires long-
term treatment.6,7 In the RETAIN study (Extended follow-up
of patients with macular edema due to branch retinal vein
occlusion or central retinal vein occlusion previously treated
with intravitreal ranibizumab), with a mean follow-up of 49
months, 18 of 32 eyes with CRVO (56%) had recurrent
edema, required frequent injections (every 2 months), had
reduced visual potential, and had a guarded visual prognosis.7

128 ! 2017 by the American Academy of Ophthalmology
Published by Elsevier Inc.

http://dx.doi.org/10.1016/j.oret.2017.05.017
ISSN 2468-6530/17

Visual Acuity Outcomes

At baseline, the mean BCVA ! standard deviation (SD) was
62 ! 18 letters (20/63 Snellen equivalent). The mean visual acuity
improved 6 ETDRS letters with IAI by week 52 from baseline
(P ¼ 0.02) to 68 ! 20 letters (20/40 Snellen equivalent). Of note, 1
patient had severe vision loss (38 letters) after developing a com-
bined macular hole and rhegmatogenous retinal detachment 11
weeks after IAI.

At the week 52 visit, 77% of patients (13/17) had a BCVA of
20/40 or better (compared with 53% [9/17 patients] at baseline).
The individual changes in BCVA for the 17 patients who
completed the week 52 visit are shown in Figure 2.

Anatomical Outcomes

At baseline, mean CST (! SD) was 434 ! 150 mm. There was a
significant decrease of 152 ! 181 mm from baseline in mean CST
(P ¼ 0.0002) to 282 ! 81 mm at week 52. At week 52, 82%
(14/17) of the patients did not have any macular edema (compared
with 30% (6/20) at baseline).

Safety

Ocular adverse events included 1 case of a combined macular hole
and rhegmatogenous retinal detachment that developed 11 weeks
after IAI. There were no cases of endophthalmitis nor ocular
inflammation after the 147 intravitreal injections in the first year.
Systemic adverse events included 1 death due to metastatic lung
cancer.

Discussion

The management of macular edema associated with CRVOs
is long-term in most patients, requiring regular intravitreal
anti-VEGF therapy.7 The current study shows that patients
with chronic CRVOs (mean duration, 22 months) can be
successfully transitioned to intravitreal aflibercept on a
TAE protocol while maintaining their excellent visual
and anatomical outcomes. The treatment burden was

diminished by extending the macular edemaefree interval
in these patients by an average of 26 days.

The treatment options for macular edema associated with
CRVOs are limited in patients requiring chronic therapy. The
Central Vein Occlusion Study showed no improvement in vi-
sual acuity with focal grid photocoagulation for macular
edema.17 The advent of wide-field fluorescein angiography
revealed large areas of retinal nonperfusion in the periphery in
patients with nonischemic CRVOs. It was speculated that the
application of scatter photocoagulation to these areas of non-
perfusion and the surrounding borders could diminish the
VEGF load and decrease the treatment burden. Unfortunately,
multiple studies havedisproven this.18,19TheRELATEclinical
trial was a randomized, double-masked study involving 39
patients with CRVOs, and it showed that scatter photocoagu-
lation did not decrease the treatment burden treated with rani-
bizumab. In fact, patients treated with scatter photocoagulation
experienced an increase in retinal thickness, reduction in visual
acuity, and increased number of ranibizumab injections.19

Intravitreal corticosteroids are another option for macular
edema secondary to CRVOs.20,21 They have been shown to
improve anatomical outcomes but not visual outcomes in
recalcitrant macular edema associated with CRVOs treated
with anti-VEGF therapy with a longer duration of action.22

However, the intraocular complications involving cataract
and intraocular pressure elevation are concerning with long-
term use. Furthermore, the recent report of a sevenfold
increased risk of endophthalmitis after intravitreal steroids
compared with that with anti-VEGF therapy is alarming,23

although another study involving the dexamethasone
intravitreal implant showed a lower rate of endophthalmitis.24

There have not been anyprospective studies on the utility of
switching anti-VEGF agents for macular edema associated
with CRVO. A few small retrospective reports have shown
that afliberceptmay be effective formacular edema resistant to
bevacizumab or ranibizumab.25e27 A 2-center retrospective
reviewof 42 patientswith persistentmacular edema secondary
to CRVO found stabilization of their vision, improved
anatomical outcomes, and extension of the injection interval
when transitioned to aflibercept from bevacizumab or

Figure 1. Macular edemaefree interval with aflibercept at week 52.
CME ¼ cystoid macular edema.

Figure 2. Individual visual acuity outcomes with aflibercept at week 52.
BCVA ¼ best-corrected visual acuity; ETDRS ¼ Early Treatment Diabetic
Retinopathy Study.
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Scatter Photocoagulation Does Not Reduce
Macular Edema or Treatment Burden in
Patients with Retinal Vein Occlusion
The RELATE Trial

Peter A. Campochiaro, MD, Gulnar Hafiz, MD, Tahreem A. Mir, MD, Adrienne W. Scott, MD,
Sharon Solomon, MD, Ingrid Zimmer-Galler, MD, Akrit Sodhi, MD, PhD, Elia Duh, MD, Howard Ying, MD, PhD,
Adam Wenick, MD, PhD, Syed Mahmood Shah, MD, Diana V. Do, MD, Quan D. Nguyen, MD,
Saleema Kherani, MD, Raafay Sophie, MD

Purpose: To determine whether scatter and grid laser photocoagulation (laser) adds benefit to ranibizumab
injections in patients with macular edema from retinal vein occlusion (RVO) and to compare 0.5-mg with 2.0-mg
ranibizumab.

Design: Randomized, double-masked, controlled clinical trial.
Participants: Thirty-nine patients with central RVO (CRVO) and 42 with branch RVO (BRVO).
Methods: Subjects were randomized to 0.5 mg or 2.0 mg ranibizumab every 4 weeks for 24 weeks and re-

randomized to pro re nata ranibizumab plus laser or ranibizumab alone.
Main Outcome Measures: Mean change from baseline best-corrected visual acuity (BCVA) at week 24 for

BCVA at weeks 48, 96, and 144 for second randomization.
Results: Mean improvement from baseline BCVA at week 24 was 15.5 and 15.8 letters in the 0.5-mg and 2.0-

mg CRVO groups, and 12.1 and 14.6 letters in the 0.5-mg and 2.0-mg BRVO groups. For CRVO, but not BRVO,
there was significantly greater reduction from baseline mean central subfield thickness (CST) in the 2.0-mg versus
0.5-mg group (396.1 vs. 253.5 mm; P ¼ 0.03). For the second randomization in CRVO patients, there was no
significant difference from week 24 BCVA in the ranibizumab plus laser versus the ranibizumab only groups at
week 48 ("3.3 vs. 0.0 letters), week 96 (þ0.69 vs. "1.6 letters), or week 144 (þ0.4 vs. "6.7 letters), and a sig-
nificant increase from week 24 mean CST at week 48 (þ94.7 vs. þ15.2 mm; P ¼ 0.05) but not weeks 96 or 144. For
BRVO, there was a significant reduction from week 24 mean BCVA in ranibizumab plus laser versus ranibizumab
at week 48 ("7.5 vs. þ2.8; P < 0.01) and week 96 ("2.0 vs. þ4.8; P < 0.03), but not week 144, and there were no
differences in mean CST change from week 24 at weeks 48, 96, or 144. Laser failed to increase edema resolution
or to reduce the ranibizumab injections between weeks 24 and 144.

Conclusions: In patients with macular edema resulting from RVO, there was no short-term clinically signif-
icant benefit from monthly injections of 2.0-mg versus 0.5-mg ranibizumab injections and no long-term benefit in
BCVA, resolution of edema, or number of ranibizumab injections obtained by addition of laser treatment to
ranibizumab. Ophthalmology 2015;122:1426-1437 ª 2015 by the American Academy of Ophthalmology.

Supplemental material is available at www.aaojournal.org.

Central retinal vein occlusions (CRVOs) occur as a result
of thrombosis of the main outflow vessel of the eye and
result in retinal hemorrhages, cotton wool patches, and
variable amounts of retinal nonperfusion throughout the
retina. Branch retinal vein occlusions (BRVOs) occur as a
result of thrombosis of a branch of the central retinal vein
resulting in similar findings throughout the portion of the
retina drained by the occluded vessel. The predominant
cause of vision loss acutely in patients with CRVO or
BRVO is macular edema. Although there is much that we

do not understand regarding the pathogenesis of CRVOs
and BRVOs, it is well established that vascular endothelial
growth factor (VEGF) is an important contributor to mac-
ular edema.1e3 In fact, although suppression of VEGF is
highly effective in the treatment of neovascular age-related
macular degeneration (AMD)4,5 and diabetic macular
edema,6e8 effectiveness is probably greatest in patients
with macular edema resulting from retinal vein occlusion
(RVO) early in the course after occlusion.1e3 In patients
with CRVO, the mean improvement from baseline
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The initial decline in mean BCVA in the ranibizumab plus laser
group compared with the ranibizumab only group was accompa-
nied by an initial increase in mean CST, but there was little dif-
ference between the groups after week 48 (Fig 4). The increase
from week 24 mean CST was significantly greater for the CRVO
ranibizumab plus laser group compared with the ranibizumab
only group, but there were no significant differences at other
time points and no significant differences at any time points
between the BRVO groups (Table 7). Differences in mean CST
between groups was similar when data were analyzed with the
last observation carried forward method, suggesting that patient
dropout did not have a major impact on this parameter (Table 8,
available at www.aaojournal.org). Patients were considered to
have resolution of macular edema if they had no intraretinal or
subretinal fluid in the macula and no thickening for at least 6
months before exit from the trial, so that a ranibizumab injection
was not required for at least 6 months. Using these criteria, 13
BRVO patients, 7 (35.0%) in the ranibizumab plus laser group
and 6 (31.6%) in the ranibizumab group, had resolution of
edema, and 4 patients with CRVO, 2 (11.1%) in the ranibizumab
plus laser group and 2 (10.0%) in the ranibizumab group, had
resolution of edema. Scatter photocoagulation failed to reduce
the number of ranibizumab injections needed, and in fact, the
mean number of ranibizumab injections between weeks 24 and

144 was significantly greater in the ranibizumab plus laser group
compared with the ranibizumab only group in patients with
CRVO (Table 9).

Discussion

The first experimental question addressed in this study was
whether injections of 2.0 mg ranibizumab provide greater
short-term benefit than injections of 0.5 mg in patients with
macular edema resulting from RVO. The answer to this
question is that in patients with BRVO or CRVO with mean
disease duration of 12 to 18 months who have recurrent
edema despite many prior intraocular anti-VEGF or steroid
injections, or both, visual outcomes are no better after 24
weeks of injections of 2.0 mg ranibizumab every 4 weeks
compared with injections every 4 weeks of 0.5 mg ranibi-
zumab. This is similar to visual outcome results in patients
with neovascular AMD, in whom injections of 2.0 mg rani-
bizumab provided no advantage over injections of 0.5 mg
ranibizumab.18,19 Patients with neovascular AMD treated
with 2.0 mg ranibizumab also had no anatomic benefits

Figure 4. Graphs showing long-term anatomic outcomes in patients with macular edema resulting from retinal vein occlusion treated with a combination of
ranibizumab plus scatter and grid laser photocoagulation versus ranibizumab alone. The graphs show the mean (!standard error of the mean) change from
week 24 central subfield thickness (CST) at all time points after re-randomized to pro re nata (PRN) ranibizumab plus scatter and grid laser photocoag-
ulation (laser þ RBZ) or PRN ranibizumab alone (RBZ alone). There was no significant difference between the laser þ ranibizumab and ranibizumab only
groups at week 144 in patients with (A) BRVO or (B) CRVO.
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was 101.6!6.5 versus 132.7!4.1 days (P < 0.0001) in the IAI and
laser groups, respectively. The proportion of eyes with a vision
gain of "0, "5, "10, and "30 ETDRS letters was significantly
higher in the IAI group compared with the laser group, and a
significantly higher proportion of eyes in the laser group lost >0,
"5, "10, and "15 ETDRS letters compared with eyes in the IAI
group at week 24 (Table 3).

The mean change from baseline BCVA in the IAI group
compared with the laser group was 17.0 versus 6.9 ETDRS letters
(P < 0.0001) at week 24, respectively (Fig 2B). When analyzed by
the baseline retinal perfusion status, the mean change from baseline
BCVA in the IAI and laser groups was 14.3 versus 5.7 ETDRS
letters (P < 0.0001) in the subgroup of eyes considered perfused
and 19.1 versus 11.3 ETDRS letters (P ¼ 0.1008) in the subgroup
of eyes considered nonperfused, respectively. When analyzed by
the baseline BCVA, the mean change from baseline BCVA in the
IAI and laser groups was 15.7 versus 6.9 ETDRS letters (P <
0.0001) in eyes with baseline BCVA of >20/200 and 34.5 versus
7.3 ETDRS letters (P ¼ 0.0168) in eyes with baseline BCVA
of $20/200, respectively.

The mean reduction from baseline CRT in the IAI and laser
groups was 280.5 versus 128.0 mm (P < 0.0001) at week 24,
respectively (Fig 2C). At baseline, 60.4% and 68.9% of patients had
perfused retinas in the IAI and laser groups, respectively. At week
24, the proportion of patients with perfused retinas in the IAI group
increased to 80.2% and the proportion of patients in the laser group

Table 2. Patient Demographics and Baseline Characteristics

Laser
(n [ 90)

IAI
(n [ 91)

Mean age, years (SD) 63.9 (11.4) 67.0 (10.4)
Women, n (%) 36 (40.0) 47 (51.6)
Race, n (%)
White 62 (68.9) 70 (76.9)
Black or African American 11 (12.2) 8 (8.8)
Asian 11 (12.2) 12 (13.2)
Other* 6 (6.7) 1 (1.1)

Geographic region, n (%)
North America 81 (90.0) 80 (87.9)
Japan 9 (10.0) 11 (12.1)

BCVA
Mean, letters (SD) 57.7 (11.3) 58.6 (11.4)
>20/200 (35e73 letters), n (%) 83 (92.2) 85 (93.4)
$20/200 (24e34 letters), n (%) 7 (7.8) 6 (6.6)

Retinal perfusion status, n (%)
Perfusedy 62 (68.9) 55 (60.4)
Nonperfusedz 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
Missing 2 (2.2) 0

Mean central retinal thickness, mm (SD) 553.5 (188.1) 558.9 (185.9)
Mean intraocular pressure, mmHg (SD) 14.9 (3.0) 14.6 (3.1)
Time since BRVO diagnosis
Mean, days (SD) 43.1 (38.8) 42.4 (43.4)
<3 months, n (%) 72 (80.0) 75 (82.4)
"3 months, n (%) 11 (12.2) 7 (7.7)
Missing, n (%) 7 (7.8) 9 (9.9)

NEI VFQ-25 score, mean (SD)
Total 75.6 (16.4) 77.8 (15.4)
Near activities 69.7 (18.4) 70.0 (21.4)
Distance activities 76.3 (20.0) 76.9 (19.8)
Vision dependency 81.9 (24.5) 86.8 (21.6)

BCVA ¼ best-corrected visual acuity; BRVO ¼ branch retinal vein oc-
clusion; IAI ¼ intravitreal aflibercept injection; NEI VFQ-25 ¼ National
Eye Institute 25-item Visual Function Questionnaire; SD ¼ standard
deviation.
Full analysis set.
*Not reported for the laser group and native Hawaiian or other Pacific
Islander for the IAI group.
yFewer than 10 disc areas of retinal nonperfusion.
zTen or more disc areas of retinal nonperfusion.

Figure 2. Visual and anatomic outcomes. The proportion of eyes that
gained"15 letters from baseline to week 24 (A) and the mean change from
baseline in best-corrected visual acuity (BCVA) (B) and central retinal
thickness (C) over 24 weeks are shown. Full analysis set. Missing data
were imputed using the last observation carried forward (LOCF) method.
aP ¼ 0.0003 and bP < 0.0001 versus laser. ETDRS ¼ Early Treatment
Diabetic Retinopathy Study; IAI ¼ intravitreal aflibercept injection.
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Intravitreal Aflibercept for Macular Edema
Following Branch Retinal Vein Occlusion
52-Week Results of the VIBRANT Study

W. Lloyd Clark, MD,1 David S. Boyer, MD,2 Jeffrey S. Heier, MD,3 David M. Brown, MD,4 Julia A. Haller, MD,5

Robert Vitti, MD,6 Husain Kazmi, MD,6 Alyson J. Berliner, MD, PhD,6 Kristine Erickson, OD, PhD,6

Karen W. Chu, MS,6 Yuhwen Soo, PhD,6 Yenchieh Cheng, PhD,6 Peter A. Campochiaro, MD7

Purpose: To determine week 52 efficacy and safety outcomes in eyes with macular edema after branch
retinal vein occlusion (BRVO) treated with 2 mg intravitreal aflibercept injection (IAI) compared with grid laser.

Design: VIBRANT was a double-masked, randomized, phase 3 trial.
Participants: Eyes randomized and treated in VIBRANT were followed to week 52.
Methods: In the IAI group, eyes received IAI every 4 weeks through week 24 and IAI every 8 weeks through

week 48 with rescue grid laser if needed at week 36. In the grid laser group, all eyes received grid laser at baseline
and, if prespecified rescue criteria were met, 1 additional laser from week 12 to 20 and IAI every 8 weeks after 3
monthly doses from week 24 onward (the laser/IAI group).

Main Outcome Measures: The primary outcome measure was percentage of eyes with improvement from
baseline best-corrected visual acuity (BCVA) letter score !15 at week 24. All outcome measures at week 52 were
exploratory, and P values are considered nominal.

Results: The percentage of eyes with improvement from baseline letter score !15 in the IAI and laser/IAI
groups was 52.7% versus 26.7% (P ¼ 0.0003) at week 24 and 57.1% versus 41.1% (P ¼ 0.0296) at week 52. The
corresponding mean change from baseline BCVA letter score was 17.0 versus 6.9 (P < 0.0001) at week 24 and
17.1 versus 12.2 (P ¼ 0.0035) at week 52. The mean reduction from baseline central retinal thickness was 280.5
mm versus 128.0 mm (P < 0.0001) at week 24 and 283.9 mm versus 249.3 mm (P ¼ 0.0218) at week 52. In the IAI
group, 10.6% of eyes received rescue laser at week 36, and in the laser/IAI group, 80.7% received rescue IAI
from week 24 to week 48. Traumatic cataract in 1 eye (1.1%) in the IAI group was the only ocular serious adverse
event.

Conclusions: After 6 monthly IAI, injections every 8 weeks maintained control of macular edema and visual
benefits through week 52. In the laser group, rescue IAI given from week 24 onward resulted in substantial visual
improvements at week 52. Ophthalmology 2015;-:1e7 ª 2015 by the American Academy of Ophthalmology.

Retinal vein occlusion is, after diabetic retinopathy, the most
prevalent vision-threatening retinal vasculopathy.1,2 Retinal
vein occlusion can be categorized on the basis of the loca-
tion of the luminal obstruction of the venous outflow system
within the retinal vasculature.3 In central retinal vein
occlusion, blockage of the central retinal vein within the
optic nerve causes involvement of the entire retina. Hemi-
retinal vein occlusion and branch retinal vein occlusion
(BRVO) are alike in that obstruction occurs after the pri-
mary ramification of the central retinal vein at the optic
nerve head, but differ in the relative involvement of
downstream retina: the earlier in the venous vasculature
obstruction occurs, the larger the retinal area affected by
retinal vein occlusion.3

The pathophysiology of BRVO involves increased hydro-
static pressure within thin-walled veins proximal to a luminal
obstruction.2 This resistance to outflow causes hypoxia and
consequently upregulation of vascular endothelial growth

factor (VEGF), which promotes plasma exudation and
formation of macular edema.2 In addition, VEGF may
participate in a feedback loop that, in some patients, causes
progressive retinal ischemia.4 In patients with BRVO, the
vitreous level of VEGF significantly correlates with the
severity of macular edema.5 The most common cause of
vision loss in patients with BRVO is macular edema.6

Several different strategies have been investigated for the
treatment of macular edema after BRVO. Macular laser
photocoagulation was the first treatment demonstrated to be
effective in improving vision in the Branch Vein Occlusion
Study.7 Subsequent to the Branch Vein Occlusion Study, the
Standard Care versus Corticosteroid for Retinal Vein
Occlusion trial showed no treatment benefit for intravitreal
triamcinolone versus laser in that protocol, with higher
rates of ocular adverse events (AEs) in patients treated
with triamcinolone.8 Another corticosteroid,
dexamethasone, formulated in an extended-delivery

1! 2015 by the American Academy of Ophthalmology
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Safety

From baseline to week 52, 49.5% of eyes in the IAI group and
47.8% of eyes in the laser/IAI group experienced at least 1 ocular
AE in the study eye. The most common ocular AE occurring in
the IAI and laser/IAI groups was conjunctival hemorrhage
(24.2% versus 15.2%, respectively). During the 52 weeks of
the study, 4 eyes, all in the laser/IAI group, developed retinal

neovascularization (3 eyes before week 24 and 1 eye after week
24). Of 3 eyes that developed retinal neovascularization before
week 24, 2 eyes were treated with scatter laser photocoagulation.
One eye that developed retinal neovascularization after week 24

Figure 1. Visual and anatomic outcomes. The percentage of eyes that gained !15 in letter score from baseline to weeks 24 and 52 (A), and the mean
change from baseline in best-corrected visual acuity (BCVA) (B) and central retinal thickness (CRT) (C) over 52 weeks are shown. Full analysis set.
Missing data were imputed using the last observation carried forward method. aP ¼ 0.0003, bP ¼ 0.0296, cP < 0.0001, dP ¼ 0.0035, and eP ¼ 0.0218 versus
laser. ETDRS ¼ Early Treatment Diabetic Retinopathy Study; IAI ¼ intravitreal aflibercept injection.

Table 1. Eyes with Vision Gains and Losses from Baseline at
Week 52

Laser/IAI
(n [ 90)

IAI
(n [ 91) P Value

Vision gain, n (%)
!30 letters 7 (7.8) 13 (14.3) 0.1128
!15 letters 37 (41.1) 52 (57.1) 0.0296
!10 letters 53 (58.9) 73 (80.2) 0.0021
!5 letters 67 (74.4) 80 (87.9) 0.0248
!0 letters 78 (86.7) 84 (92.3) 0.2426

Vision loss, n (%)
>0 letter 12 (13.3) 7 (7.7) 0.2426
!5 letters 6 (6.7) 5 (5.5) 0.8181
!10 letters 3 (3.3) 3 (3.3) 0.9700
!15 letters 1 (1.1) 2 (2.2) 0.5611

Full analysis set. Last observation carried forward.
IAI ¼ intravitreal aflibercept injection.

Table 2. Retinal Perfusion Status at Baseline, Week 24, and
Week 52

Laser/IAI
(n [ 90)

IAI
(n [ 91)

Baseline, n (%)
Perfused 62 (68.9) 55 (60.4)
Nonperfused 16 (17.8) 20 (22.0)
Cannot grade 10 (11.1) 16 (17.6)
Missing 2 0

Week 24, n* (%)
Perfused 55/82 (67.1) 65/81 (80.2)y

Nonperfused 27/82 (32.9) 16/81 (19.8)
Missing 8 10

Week 52, n* (%)
Perfused 64/82 (78.0) 67/86 (77.9)z

Nonperfused 18/82 (22.0) 19/86 (22.1)
Missing 8 5

Full analysis set. Last observation carried forward.
IAI ¼ intravitreal aflibercept injection.
*Denominators included only nonmissing assessments.
yP ¼ 0.0497 compared with the laser/IAI group.
zP ¼ 0.7742 compared with the laser/IAI group.
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Intravitreal Aflibercept for Macular Edema
Following Branch Retinal Vein Occlusion
The 24-Week Results of the VIBRANT Study
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Purpose: To compare the efficacy and safety of intravitreal aflibercept injection (IAI) with macular grid laser
photocoagulation for the treatment of macular edema after branch retinal vein occlusion (BRVO).

Design: The VIBRANT study was a double-masked, active-controlled, randomized, phase III trial.
Participants: Treatment-naïve eyes with macular edema after BRVO were included in the study if the

occlusion occurred within 12 months and best-corrected visual acuity (BCVA) was between !73 and "24 Early
Treatment Diabetic Retinopathy Study (ETDRS) letters (20/40e20/320 Snellen equivalent).

Methods: Eyes (1 eye per patient) received either IAI 2 mg every 4 weeks (n ¼ 91) from baseline to week 20 or
grid laser (n ¼ 92) at baseline with a single grid laser rescue treatment, if needed, from weeks 12 through 20.

Main Outcome Measures: The primary outcome measure was the proportion of eyes that gained "15
ETDRS letters from baseline BCVA at week 24. Secondary end points included mean change from baseline BCVA
and central retinal thickness (CRT) at week 24.

Results: The proportion of eyes that gained"15 ETDRS letters from baseline at week 24 was 52.7% in the IAI
group comparedwith 26.7% in the laser group (P¼ 0.0003). Themean improvement frombaselineBCVA atweek 24
was 17.0 ETDRS letters in the IAI group and 6.9 ETDRS letters in the laser group (P< 0.0001). Themean reduction in
CRT frombaseline at week 24was 280.5 mm in the IAI group and 128.0 mm in the laser group (P< 0.0001). Traumatic
cataract in an IAI patient was the only ocular serious adverse event (SAE) that occurred. There were no cases of
intraocular inflammationor endophthalmitis. The incidenceof nonocular SAEswas8.8% in the IAI group and9.8% in
the laser group.OneAnti-Platelet Trialists’Collaborationedefinedevent of nonfatal stroke (1.1%) and1death (1.1%)
due to pneumonia occurred during the 24 weeks of the study, both in patients in the laser group.

Conclusions: Monthly IAI provided significantly greater visual benefit and reduction in CRT at 24 weeks than
grid laser photocoagulation in eyes with macular edema after BRVO. Ophthalmology 2014;-:1e7 ª 2014 by the
American Academy of Ophthalmology.

Retinal vein occlusion (RVO) includes central RVO
(CRVO), in which the central retinal vein is obstructed with
involvement of all 4 retinal quadrants, and branch RVO
(BRVO), in which one of the major tributaries of the central
retinal vein is obstructed.1 Hemi-RVO (HRVO) refers to
obstructions in the first branch of the central retinal vein near
themargin of the optic disc and affects an entire hemisphere of
the retina.1 A highly prevalent retinal vascular disease, RVO is
second only to diabetic retinopathy. Most of this high preva-
lence is driven byBRVO; the yearly incidence of BRVO in the
United States is 150 000 and that of CRVO is 30 000.2 Overall,
HRVO comprises approximately 5% of RVO cases.3

In CRVO, hemorrhages and edema develop throughout
the retina, whereas in BRVO the pathology is more sectoral,
involving the portions of the retina drained by the obstructed

branch vein. This suggests that increased intraluminal
pressure behind the obstruction may lead to transudation of
blood cells and plasma into the retina. However, recent
studies have demonstrated that although increased venous
pressure may be the precipitating event for hemorrhages
and edema, increased production of vascular endothelial
growth factor (VEGF) occurs early in RVO and is a major
contributor to their evolution and persistence.4 In addition,
the high levels of VEGF contribute to progression of retinal
nonperfusion and hence retinal ischemia, which may in turn
increase production of VEGF, and may explain why some
eyes enter a vicious cycle of worsening disease often
referred to as conversion to an ischemic RVO.5

Before the development of VEGF-binding proteins, there
was no effective treatment for CRVO; their advent has

1! 2014 by the American Academy of Ophthalmology
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Randomized Controlled Trial of Intravitreal Ranibizumab
Versus Standard Grid Laser for Macular Edema Following

Branch Retinal Vein Occlusion

MEI HONG TAN, IAN L. MCALLISTER, MARK E. GILLIES, NITIN VERMA, GAYATRI BANERJEE,
LYNNE A. SMITHIES, WAN-LING WONG, AND TIEN Y. WONG

! PURPOSE: To assess the efficacy of intravitreal 0.5 mg
ranibizumab for the treatment of center-involving macular
edema secondary to branch retinal vein occlusion (BRVO)
over 1 year compared with standard-of-care grid laser.
! DESIGN: A prospective randomized controlled clinical
trial.
! METHODS: A total of 36 patients with vision loss in 1
eye attributable to macular edema following BRVO
were recruited from 5 institutions. Patients were random-
ized 1:1 to a treatment group that received 6 monthly
injections of 0.5 mg ranibizumab and thereafter monthly
as needed based on best-corrected visual acuity (BCVA)
and central foveal thickness (CFT) assessments on
optical coherence tomography scans, or a standard-of-
care group that received monthly sham injections for
the 1-year duration of the study. Grid laser was adminis-
tered at 13 and 25weeks in both groups if criteria for laser
treatment were met. Main outcome measures included
mean change in BCVA in Early Treatment Diabetic Reti-
nopathy Study (ETDRS) letter scores from baseline to
month 12. Secondary outcomes included anatomic
outcomes and the percentage of patients requiring grid
laser in both groups.
! RESULTS: Mean BCVA change from baseline was
significantly greater in the treatment compared with the
standard-of-care group at 12 months (12.5 ETDRS
letters vs -1.6 ETDRS letters, P [ .032). The mean
CFT was significantly reduced in the treatment compared
with standard-of-care group (361.7 mm vs 175.6 mm,
P [ .025). At 13 and 25 weeks, more patients in the
standard-of-care group (68.4%, 50.0%) received grid

laser than in the treatment group (6.7%, 8.3%). No
new ocular or systemic adverse events were observed.
! CONCLUSIONS: Compared with standard grid laser,
intravitreal ranibizumab provided significant and sustained
benefits in visual acuity gain and anatomic improvement in
eyes with macular edema secondary to BRVO. (Am J
Ophthalmol 2013;-:-–-. ! 2013 by Elsevier Inc.
All rights reserved.)

R ETINAL VEIN OCCLUSION, THE SECOND MOST

common cause of retinal vascular blindness after dia-
betic retinopathy, affects approximately 16 million

people worldwide.1–3 It affects approximately 1% of
individuals below 60 years, with increases in prevalence to
5% in those over 80 years.1

Branch retinal vein occlusion (BRVO) accounts for 80%
of all vein occlusions.1,4 Without treatment, it can lead to
a sustained loss of vision, with a reported final mean visual
acuity of 20/70 with 23% of patients having a visual acuity
<_20/200.5,6 The cause for the vision loss in BRVO is
predominantly attributable to macular edema.7 Since the
publication of the Branch Vein Occlusion Study (BVOS)
25 years ago, grid laser photocoagulation has been the stan-
dard of care for BRVO-associated macular edema.5,8 In this
study, treatment of macular edema following BRVO with
grid laser resulted in >_2 lines of visual acuity (VA)
improvement in 65% of eyes compared with 37% of
untreated eyes at the 3-year primary endpoint.5 In the
last 5 years, several new treatments for macular edema
secondary to BRVO have been evaluated in randomized
clinical trials.7 This included intravitreal triamcinolone
injections,9 intravitreal dexamethasone implants,10 and
inhibitors of vascular endothelial growth factor (VEGF)
agents.11 Of these, anti-VEGF agents have been the most
promising. In the Ranibizumab for the Treatment of
Macular Edema following Branch Retinal Vein Occlusion
(BRAVO) study, rapid and sustained visual improvement
was seen in the first 6 months in patients who received
monthly 0.3 mg and 0.5 mg ranibizumab compared with
sham injections. At the 6-month primary endpoint of the
study, the mean gain from baseline best-corrected visual
acuity (BCVA) letter score was 16.6 and 18.3 Early Treat-
ment Diabetic Retinopathy Study (ETDRS) letters in the
0.3 and 0.5 mg ranibizumab cohorts, respectively,
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of the study. Five patients did not complete the study in the
standard-of-care group; among these, 2 patients were lost to
follow-up, 2 patients decided to discontinue their participa-
tion, and 1 patient died of an unrelated cause. The last
properly performed observation was carried forward for
these missing values.

! PRIMARY OUTCOME MEASURE AND CHANGE FROM
BASELINE BEST-CORRECTED VISUAL ACUITY: The
primary efficacy endpoint was mean change from baseline
BCVA at 12 months. At 12 months, there was an improve-
ment of visual acuity compared with baseline in the ranibi-
zumab group by a mean of 12.5 letters (95% CI 2.8, 22.3)
letters, while in the standard-of-care group there was
a mean loss of 1.6 letters (95% CI -9.3, 6.2), a difference
that was statistically significant (P ¼ .032); (Table 3,
Figure 2). The improvement in BCVA in the ranibizumab

group was seen at 1 month following injection and
increased steadily at all subsequent monthly assessments
up to the 12-month endpoint. In the standard-of-care
group, a decrease in BCVA was seen at each time point
from baseline, with a maximum loss of 5 letters at 3 months
and fewer letters lost in the subsequent months. The differ-
ence in BCVA between the 2 groups was statistically signif-
icant at 12 months (P ¼ .032; Figure 2). Analysis by
subgroup showed that statistically significant differences
in the mean BCVA change between the 2 treatment groups
were maintained in patients with poorer baseline vision,
those with a longer duration of BRVO, and patients with
thicker CFT at baseline (Table 4). In both the ranibizumab
and standard-of-care groups, the mean BCVA gain at
12 months was greater in patients with worse baseline
BCVA and in patients who were diagnosed with BRVO
for a longer duration of 12 weeks or more prior to inclusion
into the study. Among patients who received ranibizumab,
the mean improvement in BCVA at 12 months was greater
in those who had CFT >_450 mm at baseline. This was in
contrast to the standard-of-care group, where patients

TABLE 3. Primary and Secondary Visual Outcomes in Study
Patients at Month 12 of Study Comparing Intravitreal
Ranibizumab vs Standard Grid Laser for Treatment of

Macular Edema Following Branch Retinal Vein Occlusion

Parameter

Grid Laser

(n ¼ 21)

Ranibizumab

(n ¼ 15)

P

Value

Change from baseline BCVA

at 12 months in ETDRS

letter score:

Mean 6 SD #1.6 6 18.2 12.5 6 19.3

95% CI for mean (#9.3, 6.2) (2.8, 22.3)

Difference in means

(ranibizumab vs laser)

14.1 .032

95% CI for difference (1.09, 27.1)

Distribution of BCVA change

at 12 months, n (%)

.116a

Gain of >_15 lettersb 4 (19.0) 8 (53.0)

Gain of 10-14 letters 3 (14.3) 1 (6.7)

Gain of 5-9 letters 0 (0.0) 1 (6.7)

No change, 6 4 letters 6 (28.6) 2 (13.3)

Loss of 5-9 letters 2 (9.5) 0 (0.0)

Loss of 10-14 letters 0 (0) 2 (13.3)

Loss of >_15 lettersc 6 (28.6) 1 (6.7)

Snellen equivalent BCVA

>_ 20/40, n (%)

6 (28.6) 9 (60.0) .090d

Snellen equivalent BCVA

<_ 20/200, n (%)

1 (4.8) 0 (0.0) .999d

BCVA¼ best-corrected visual acuity; CI¼ confidence interval;

ETDRS ¼ Early Treatment Diabetic Retinopathy Study; SD ¼
standard deviation.

aP trend from Cochran-Armitage test for linear trend.
bP from 1-sided Fisher exact test of greater proportion of

subjects with >_15 letters gained in ranibizumab than in grid laser

group ¼ .037; P from 2-sided Fisher exact test ¼ .071.
cP from 2-sided Fisher exact test of greater proportion of

subjects with >_15 letters lost in grid laser than in ranibizumab

group ¼ .200.
dP from 2-sided Fisher exact test.

FIGURE 2. Graph of mean change from baseline best-corrected
visual acuity (BCVA) letter score in the study eye over time to
month 12 in patients receiving intravitreal ranibizumab vs stan-
dard grid laser for macular edema following branch retinal vein
occlusion. Each plot represents the mean gain or loss in BCVA
letter score compared to baseline at that particular time point in
the study eye of patients receiving intravitreal ranibizumab
(represented by round plots) vs patients receiving standard
grid laser (represented by square plots). Higher BCVA letter
scores were obtained in patients receiving intravitreal ranibizu-
mab compared to patients receiving grid laser at all time points.
The difference in BCVA letter score between the 2 groups was
statistically significant at months 4, 7, and 12 (indicated by *P
< .05). The last-observation-carried-forward was used to input
missing data. Vertical error bars denote standard error of the
mean. BCVA [ best-corrected visual acuity; ETDRS [ Early
Treatment Diabetic Retinopathy Study.

6 --- 2013AMERICAN JOURNAL OF OPHTHALMOLOGY

Am J Ophthalmol. 2014 Jan;157(1):237–47.e1.
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Grille maculaire : seconde intention

• Démarrer le traitement par injections intra-vitréennes
– Amélioration AV rapide

• Grille maculaire envisageable pour éviter répétitions des 
injections
– OM > 3 mois

• Diffusions angiographiques

– AV < 5/10
– Après résorption des hémorragies
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Technique de la photocoagulation en grille maculaire

• Laser vert, rouge ou infrarouge
• Verre central du V3M, « Centralis Direct® », « Area Centralis® »…
• Impacts de 100µ, Durée courte ≤ 0,1 s
• Puissance nécessaire pour impacts à peine visibles
• Non confluents (espacement de 1 à 2 impacts)
• Uniquement dans l’aire d’épaississement rétinien et de diffusions
• En restant à plus de 1/2 diamètre papillaire (750µ) du centre de 

la macula.

165

Intérêt du laser infra-liminaire ?
Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

journal homepage: www.elsevier.com/locate/biopha

Review

Subthreshold diode micropulse laser versus conventional laser
photocoagulation monotherapy or combined with anti-VEGF therapy for
diabetic macular edema: A Bayesian network meta-analysis
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A B S T R A C T

Aims: To assess the effects of laser photocoagulation as monotherapy or adjuvant therapy for the treatment of
DME.
Methods: A search of the Cochrane Library, Pubmed, Embase, and the clinicaltrial.gov registry for randomized
clinical trials comparing any two treatments of interest (SDMLP monotherapy, CLP monotherapy, CLP plus anti-
VEGF therapy) was performed. Data were collected and pooled by Bayesian network meta-analyses which ac-
counts for both direct and indirect comparisons. The primary outcome was the mean change in best-corrected
visual acuity measured by the logarithm of the minimal angle of resolution units. The secondary outcome was
the mean change in central macular thickness from baseline to month 12.
Results: Ranibizumab therapy combined with CLP was more effective than SDMLP alone (MD, −0.396; 95% CrI,
−0.746 to −0.062) and CLP alone (MD, −0.621; 95% CrI, −0.823 to −0.431). There was no apparent dif-
ference of efficacy between SDMLP alone and CLP alone (MD,−0.225; 95% CrI,−0.501 to 0.058). There was no
apparent difference of efficacy between SDMLP alone and Bevacizumab therapy combined with CLP (MD,
−0.003, 95% CrI, −0.815 to 0.805).
Conclusion: There was no apparent difference on improving vision between SDMLP monotherapy and CLP
monotherapy. The most effective treatment in the network was ranibizumab therapy combined with CLP fol-
lowed by SDMLP monotherapy, Bevacizumab therapy combined with CLP, and CLP monotherapy in rank order.

1. Introduction

Diabetic macular edema (DME) is defined as retinal oedema and/or
thickenings involving or threatening the foveal in patients with diabetes
mellitus (DM). It can be assessed by fundus examination, slit-lamp
biomicroscopy, or optical coherence tomography [1]. DME is one of the
leading causes of preventable blindness in working-age adults asso-
ciated with DM in both developed and developing countries, affecting
approximately 6.8% of all DM patients [2]. More than 20 million adults
had some forms of DME in the 2010 world DM population. The pre-
valence of DME and visual loss due to DME is expected to increase
substantially [1,3]. Untreated, clinically significant DME can lead to a
32% 3-year risk of moderate visual loss, resulting in both individual
disability and socioeconomic costs [4].

Conventional laser photocoagulation (CLP) has been the standard

treatment for DME since the 1980s [5–7]. The modified Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) guidelines recommend
focal laser photocoagulation of microaneurysms in focal DME and grid
pattern laser photocoagulation for the diffuse type, with spot size of
50–100 μm and 120–150 mW energy [1]. The aim of the treatment is to
produce a burn of light intensity on areas of diffuse leakage or focal
non-perfusion. Although providing beneficial effects, its inherent ret-
inal damage and inflammation are associated with risks of adverse
events. To reduce the collateral damage, other types of wavelengths and
techniques have been introduced. The subthreshold diode micropulse
laser photocoagulation (SDMLP), typically using an 810 nm diode laser
in the micro-pulse emission mode, has been found to be comparable to
CLP, but without any laser-induced retinal damage, risks or adverse
effects [8,9]. SDMLP appears to be the ideal first-choice therapy for
DME. In addition, anti-vascular endothelial growth factor (anti-VEGF)
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A B S T R A C T

Aims: To assess the effects of laser photocoagulation as monotherapy or adjuvant therapy for the treatment of
DME.
Methods: A search of the Cochrane Library, Pubmed, Embase, and the clinicaltrial.gov registry for randomized
clinical trials comparing any two treatments of interest (SDMLP monotherapy, CLP monotherapy, CLP plus anti-
VEGF therapy) was performed. Data were collected and pooled by Bayesian network meta-analyses which ac-
counts for both direct and indirect comparisons. The primary outcome was the mean change in best-corrected
visual acuity measured by the logarithm of the minimal angle of resolution units. The secondary outcome was
the mean change in central macular thickness from baseline to month 12.
Results: Ranibizumab therapy combined with CLP was more effective than SDMLP alone (MD, −0.396; 95% CrI,
−0.746 to −0.062) and CLP alone (MD, −0.621; 95% CrI, −0.823 to −0.431). There was no apparent dif-
ference of efficacy between SDMLP alone and CLP alone (MD,−0.225; 95% CrI,−0.501 to 0.058). There was no
apparent difference of efficacy between SDMLP alone and Bevacizumab therapy combined with CLP (MD,
−0.003, 95% CrI, −0.815 to 0.805).
Conclusion: There was no apparent difference on improving vision between SDMLP monotherapy and CLP
monotherapy. The most effective treatment in the network was ranibizumab therapy combined with CLP fol-
lowed by SDMLP monotherapy, Bevacizumab therapy combined with CLP, and CLP monotherapy in rank order.

1. Introduction

Diabetic macular edema (DME) is defined as retinal oedema and/or
thickenings involving or threatening the foveal in patients with diabetes
mellitus (DM). It can be assessed by fundus examination, slit-lamp
biomicroscopy, or optical coherence tomography [1]. DME is one of the
leading causes of preventable blindness in working-age adults asso-
ciated with DM in both developed and developing countries, affecting
approximately 6.8% of all DM patients [2]. More than 20 million adults
had some forms of DME in the 2010 world DM population. The pre-
valence of DME and visual loss due to DME is expected to increase
substantially [1,3]. Untreated, clinically significant DME can lead to a
32% 3-year risk of moderate visual loss, resulting in both individual
disability and socioeconomic costs [4].

Conventional laser photocoagulation (CLP) has been the standard

treatment for DME since the 1980s [5–7]. The modified Early Treat-
ment of Diabetic Retinopathy Study (ETDRS) guidelines recommend
focal laser photocoagulation of microaneurysms in focal DME and grid
pattern laser photocoagulation for the diffuse type, with spot size of
50–100 μm and 120–150 mW energy [1]. The aim of the treatment is to
produce a burn of light intensity on areas of diffuse leakage or focal
non-perfusion. Although providing beneficial effects, its inherent ret-
inal damage and inflammation are associated with risks of adverse
events. To reduce the collateral damage, other types of wavelengths and
techniques have been introduced. The subthreshold diode micropulse
laser photocoagulation (SDMLP), typically using an 810 nm diode laser
in the micro-pulse emission mode, has been found to be comparable to
CLP, but without any laser-induced retinal damage, risks or adverse
effects [8,9]. SDMLP appears to be the ideal first-choice therapy for
DME. In addition, anti-vascular endothelial growth factor (anti-VEGF)
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Quand suspecter des TelCaps ?

• OMD récidivant
• OVR (OBVR > OVCR) ancienne > 6 mois d’évolution

4 
 

METHODS 

This observational study was approved by the Internal Review Board of the Institute 

Conde de Valenciana. Each patient received oral and written information and gave consent 

for examination. Consecutive patients diagnosed with clinically significant DME according 

to the ETDRS criteria17 were identified. These criteria comprise (1) thickening of the retina 

within 500 μm of the center of the macula; or (2) hard exudates (HEs) at or within 500 μm of 

the center of the macula associated with thickening of adjacent retina; or (3) a zone of 

retinal thickening one disc area or larger, any part of which is within one disc diameter of 

the center of the macula. HEs were classified as grade 1 (dust-like HEs), grade 2 

(aggregated HEs), or grade 3 (circinate disposition and/or foveal accumulation of 

aggregated HEs). Examples of each grade are shown in figure 1.  

 

Figure 1. Grading of hard exudates (HEs) used in the present study.  

ICGA was done using the Spectralis scanning laser ophthalmoscope-OCT (SLO-OCT; 

Heidelberg Engineering, Heidelberg, Germany) using 5 ml of intravenous Infracyanine® 

(SERB laboratories, Paris, France). A particular attention was paid at obtaining late frames 

(i.e. at least 10 minutes after dye injection). As a rule, late frames were averaged using the 

built-in software to improve signal-to-noise ratio. The presence of TCs was evaluated by 

three experienced retinal specialists (DCF, BD, MP) based primarily on size and ICGA 

staining. Early, late and wash-out phases were defined as follows: early frames were those 

showing details of choroidal large vessels; late frames were those showing a uniform 

Présence d’exsudats
OM non centré

sur la fovea
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Parfois éloignés de la fovea
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Fréquence des TelCaps ?

• Incidence augmente avec la durée et la gravité de l’œdème 
maculaire

• OVR chronique
– BRVO: 37% à 64% 
– OVCR : 24% à 38%

• Plus fréquent si exsudats (78 vs 41%)

• OMD : 63%
– 100% des yeux avec exsudats

British Journal of Ophthalmology 2020;104:509-513.

1Castro Farías D, et al. Br J Ophthalmol 2019;0:1–5. doi:10.1136/bjophthalmol-2019-314355
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ABSTRACT
Aims During diabetic macular oedema (DME), a 
spectrum of capillary abnormalities is commonly 
observed, ranging from microaneurysms to large 
microvascular abnormalities. Clinical evidence suggests 
that targeted photocoagulation of large microvascular 
abnormalities may be beneficial, but their detection 
is not done in a routine fashion. It was reported 
that they are better identified by indocyanine green 
angiography (ICGA) than by fluorescein angiography. 
Here, we investigated the prevalence and ICGA and 
optical coherence tomography (OCT) features of retinal 
microvascular abnormalities in a group of patients with 
DME.
Methods Observational study. The fundus photographs, 
ICGA and structural and angiographic OCT charts of 
35 eyes from 25 consecutive patients with DME were 
reviewed.
Results 22 eyes (63%) had at least one focal area 
of microvascular abnormalities showing prolonged 
indocyanine green (ICG) staining (ie, beyond 10 mins 
after injection). In particular, all eyes (n=9) with circinate 
hard exudates showed foci of late ICG staining. These 
areas were either isolated globular capillary ecstasies or 
a cluster of ill-defined capillary abnormalities. They were 
located at a median distance of 2708 µm from the fovea 
(range: 1064–4583 µm). Their diameter ranged from 153 
to 307 µm. During ICGA, 91% showed increased their 
contrast and apparent size in late frames, whereas 79% 
of microaneurysms showed reduced contrast on late 
frames. OCT angiography was not contributive for the 
detection of these lesions.
Conclusion Late ICG staining revealing large 
microvascular abnormalities is commonly observed 
during DME. Because of their specific angiographic and 
OCT features relative to microaneurysms, we propose to 
name them telangiectatic capillaries (TelCaps).

INTRODUCTION
Diabetes leads to a variety of metabolic, vascular 
and neurological complications, among which 
vision loss is one of the most common1 as well as 
one of the most feared by patients. After cataract, 
diabetic macular oedema (DME) is the second cause 
of visual loss in patients with diabetes. In Mexico, 
the prevalence of diabetes is around 9.4%2 with an 
estimated incidence of 8.8% of DME.3

The canonical lesions of diabetic retinopathy are 
microaneurysms; however, the spectrum of retinal 
microvascular abnormalities is far more complex, 

also comprising large microvascular abnormali-
ties4 5 which can reach a diameter of several hundred 
microns.6 Such large lesions have also been reported 
in a variety of retinal vascular diseases such as retinal 
vein occlusion, Coat’s disease and macular telangi-
ectasia.7–16 They have received various terms, such 
as capillary macroaneurysms,6–10 13 16 adult Coats' 
disease11 or distant retinal vascular anomalies.14 
Since the term ‘macroaneurysm’ creates confusion 
with arterial macroaneurysms, that Coat’s disease 
is clearly a misnomer, and that he term ‘distant’ is 
inappropriate because these may be found in the 
macula as well, we will use here the more generic 
denomination of telangiectatic capillaries (TCs).

Following targeted photocoagulation of TCs, 
anatomical and visual improvement of DME has 
been reported,15 16 which justifies evaluating proce-
dures to better identify them. A hallmark of TCs is 
that they are better seen by indocyanine green angi-
ography (ICGA) than by fluorescein angiography 
(FA).7 14–16 In particular, indocyanine green (ICG) 
staining often persists in late frames; additionally, 
ICGA seldom leaks out from TCs which contributes 
to obtain a high contrast. Here, in the continuity 
of our previous studies,6 16 we further explored the 
spectrum of clinical presentation of microvascular 
abnormalities of DME eyes as seen by ICGA.

METHODS
This observational study was approved by the 
Internal Review Board of the Institute Conde de 
Valenciana. Each patient received oral and written 
information and gave consent for examination. 
Consecutive patients diagnosed with clinically 
significant DME according to Early Treatment 
Diabetic Retinopathy trial (ETDRS) criterias17 were 
identified. These criteria comprise (1) thickening of 
the retina within 500 µm of the centre of the macula; 
(2) hard exudates (HEs) at or within 500 µm of the 
centre of the macula associated with thickening of 
adjacent retina or (3) a zone of retinal thickening 
one disc area or larger, any part of which is within 
one disc diameter of the centre of the macula. Eyes 
with ocular media opacities were excluded. HEs 
were classified as grade 1 (dust-like HEs), grade 2 
(aggregated HEs) or grade 3 (circinate disposition 
and/or foveal accumulation of aggregated HEs). 
Examples of each grade are shown in online supple-
mentary figure 1.

ICGA was done using the Spectralis scanning laser 
ophthalmoscope-optical coherence tomography 
(SLO-OCT; Heidelberg Engineering, Heidelberg, 
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Fréquence des TelCaps ?

• Incidence augmente avec la durée et la gravité de l’œdème 
maculaire

British Journal of Ophthalmology 2020;104:509-513.

66,3%
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Photocoagulation directe des macroanévrysmes

• Guidée par l’angiographie ICG ou l’OCT
• Laser 532nm ou 577nm
• Verre type Centralis Direct®, Area Centralis®…
• Impacts de (25) 50 à 100µ
– focalisés sur les macroanévrysmes (et non sur l’EP)

• Durée plus ou moins longue (selon mouvements du patient), ≥ 0,1s
– OU très courts, en RAFALE ?

• Puissance suffisante pour obtenir un changement de coloration
– ≈ 100 mW, le plus souvent <200 mW

• Contrôle immédiat de l’efficacité en OCT 

177

Contrôle immédiat en OCT
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Juste après…

181

+ 4 mois

182

+ 10 mois
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… Mais ce n’est pas toujours si simple !

• /!\ Risque de néovascularisation /!\ (Lésion de la membrane de 
Bruch/EP)
– Contre-indication en cas de drusen / DMLA
– Minimisé par

• faible taille d’impact
• focus à la surface du MA
• Avant IIV (MA plus éloigné de l’EP)
• puissance la plus faible efficace

• Parfois difficile à localiser
– … ou à retrouver au FO d’après l’angiographie

• Risque de lésion fovéolaire en cas de mauvaise fixation

• Risque d’élargissement des cicatrices juxta-fovéolaires

184



07/12/2022

Place du laser guidé (Navilas®) ?

• Localisation plus facile (superposition ICG), traitement plus exhaustif

• Mais contrôle de la focalisation et de la puissance ?
– Plutôt en l’absence d’OM contrairement au traitement « manuel » ?

185 186
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Etude pilote

• Etude rétrospective (CHNO des 15-20 ; Hôpital 
Lariboisière)

• 11 yeux de 6 femmes / 4 hommes (OMD : 4, OVR : 6)
• Durée d’évolution de 1 mois à 5 ans (médiane : 4 ans)

– Tous avec exsudats, 4 déjà traités (IIV, laser maculaire)
• AV : 20/400 – 20/20 (médiane : 20/200)
• 1 à 8 macroanévrysmes >150µm (médiane : 2) 
• Taille de 158µ à 603µ (médiane : 410µm)

Paques & al. British Journal of Ophthalmology 2017;101:170-174.

was treated by intravitreal injections in another centre before
the 6 months visit. Among the nine eyes of the eight residual
patients, visual and anatomical results after laser photocoagula-
tion are shown in table 1 and figures 3–5. Six months after
photocoagulation, there was a significant decrease in mean
foveal thickness (mean±SD 528 mm±200 vs 271 mm±152,
p<0.05). Mean log MAR VA improved from 0.82 to 0.58
(p<0.05). Hard exsudates became fragmented (cases 1–4 and 8)
or nearly disappeared (cases 1 and 5–7).

To determine if collateral vessels associated with capillary
macroaneurysms were affected by photocoagulation, we ana-
lysed the patency of collateral vessels at photocoagulation sites.
Among the five cases in which the patency of collateral vessels
passing through capillary macroaneurysms could be assessed,
collateral vessels were patent after IGTL in four (see online
supplementary figure S2).

DISCUSSION
Chronic macular oedema may be a therapeutic challenge even in
the era of intravitreal injections. In this pilot study, we found
that combining the detection of capillary macroaneurysms by

ICGA and controlling for efficiency of their photocoagulation
by OCT may be followed by anatomical and functional
improvement of macular oedema. Despite the inherent limita-
tions of our non-randomised, pilot study, we believe that these
results are significant because most of our patients had had
visual loss for more than 1 year.

Our results may therefore contribute to re-evaluate the role
of laser photocoagulation in the management of chronic
macular oedema. It is indeed generally considered that grid laser
has overall a modest effect on vision.23–27 Refining diagnostic
and photocoagulation procedures may thus contribute to
improve its efficiency. In previous studies of direct photocoagu-
lation of microaneurysms, it has been noted that larger microa-
neurysms are more difficult to occlude,12 13 hence the interest
of monitoring the treatment effect by OCT for capillary macro-
aneurysms. Therefore, in longstanding macular oedema a sys-
tematic screening for these lesions, commonly overlooked on
conventional FA, may be of interest, especially in the presence
of severe HEs.

Our results encourage us to extend the indications of IGTL.
Targeted photocoagulation of microaneurysms has already been
proposed as a treatment of macular oedema12–14 However,
there is no consensus for the identification and treatment of
photocoagulation targets. In the absence of a randomised trial,
the indications for IGTL may be discussed on a case-by-case
basis. Patient selection may be based on the size of microvascu-
lar lesions, which is best characterised by OCT. The threshold
separating micro from macroaneurysms remains to be deter-
mined. As clinical trials of targeted photocoagulation, which
included mostly lesions smaller than 130 mm, reported rather
limited visual improvement, targeting larger lesions may be
advised. Thickening of the wall might be also a criterion for
target selection, because wall thickening may imply a more
severe alteration of the blood–retinal barrier.

Potential risks associated with targeted photocoagulation
should be kept in mind. They include occlusion of collateral
vessels, subretinal neovascularisation, laser spot enlargement
and foveal burns. Interestingly, we noted in many cases that col-
lateral vessels from which capillary macroaneurysms arise
remained patent after photocoagulation. This suggests a saccular
pattern, that is, the macroaneurysm would be a lateral expansion
of the parent capillary. Laser damage to the retinal pigment epi-
thelium (RPE), with its inherent risk of subretinal neovasculari-
sation, may be minimised by the small size of the laser spot, by
careful focusing on the surface of the capillary macroaneurysm

Figure 2 Comparison of pre (top row) and immediate post-laser
optical coherence tomography (OCT) scans shows increased
intraluminal reflectance after photocoagulation, suggesting
photothrombosis.

Table 1 Clinical characteristics of patients

Case
Sex/age/cause
of visual loss

Duration of
vision loss

Number of
targets

Largest
target (mm)

Distance to
fovea (mm)

Initial
VA

VA at
6 months

Initial foveal
thickness (mm)

Foveal thickness
at 6 months

1 F/51/DME 1 year RE: 8
LE: 5

RE: 250
LE: 410

RE: 435
LE: 442

20/200
OU

RE: 20/200
LE: 20/50

RE: 582
LE: 742

RE: 208
LE: 264

2 F/60/DME 5 years 1 360 1384 20/200 20/200 681 177
3 M/62/DME Unknown 1 495 4613 20/400 20/100 256 208
4 M/65/RVO 5 years 1 420 6220 20/400 20/200 371 264
5 F/70/RVO 5 years 2 430 2550 20/30 20/30 304 191
6 M/63/RVO 1 month 1 477 1741 20/50 20/30 560 152
7 F/72/RVO 1 year 1 284 1675 20/60 20/40 380 137
8 F/69/RVO 3 years 8 158 1620 20/100 20/60 902 620
9 M/64/RVO 5 years 2 180 552 20/40 NA 615 NA
10 F/66/DME Unknown 2 172 620 20/200 NA 313 NA

Cases 9 and 10 were excluded from final analysis because they received intravitreal injections before the 6 months visit.
DME, diabetic macular oedema; LE, left eye; NA, not applicable; OU, both eyes; RE, right eye; RVO, retinal vein occlusion; VA, visual acuity.

Paques M, et al. Br J Ophthalmol 2016;0:1–5. doi:10.1136/bjophthalmol-2015-308142 3
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6 mois après photocoagulation

Paques & al. British Journal of Ophthalmology 2017;101:170-174.

528µm (± 200) vs 271µm (±152) 
(p<0.05) 

0.82 vs 0.58
(p<0.05)
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Abstract
The high prevalence of cardiovascular disease particularly in 
the elderly population is associated with retinal vascular dis-
ease. Retinal vein occlusions represent severe disturbances 
of the hypoxia-sensitive neurosensory retina. Acute and ex-
cessive leakage leads to the diagnostic hallmarks of retinal 
hemorrhage and edema with substantial retinal thickening. 
Advanced diagnostic tools such as OCT angiography allow 
to evaluate retinal ischemia and identify the risk for late com-
plications and will soon reach clinical routine besides fluo-
rescein angiography. Accordingly, the duration of non-per-
fusion is a crucial prognostic factor requiring timely thera-
peutic intervention. With immediate inhibition of vascular 
leakage, anti-VEGF substances excel as treatment of choice. 
Multiple clinical trials with optimal potential for functional 
benefit or a lesser regenerative spectrum have evaluated 

aflibercept, ranibizumab, and bevacizumab. As retinal vein 
occlusion is a chronic disease, long-term monitoring should 
be individualized to combine maintenance with practicabil-
ity. While steroids may be considered in patients with sys-
temic cardiovascular risk, surgery remains advisable only for 
very few patients. Destructive laser treatment is an option if 
reliable monitoring is not feasible. Ophthalmologists are 
also advised to perform a basic systemic workup to recog-
nize systemic concomitants. The current edition of the 
EURETINA guidelines highlights the state-of-the-art recom-
mendations based on the literature and expert opinions in 
retinal vein occlusion. © 2019 S. Karger AG, Basel

Introduction

Retinal vein occlusion (RVO) is among the leading 
causes of visual impairment and is often due to an under-
lying systemic disease. Advances in imaging and thera-
peutic possibilities with anti-vascular endothelial growth 195
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