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ABSTRACT
Retinal vein occlusion (RVO) is a common cause of
retinal vascular disease, resulting in potentially
irreversible loss of vision despite the existence of several
therapeutic options. The humanised monoclonal
antibody fragment ranibizumab binds to and inhibits
vascular endothelial growth factor, a key driver of
macular oedema in RVO. In 2010, ranibizumab was
approved in the USA for the treatment of macular
oedema in RVO and, in 2011, ranibizumab was
approved in the European Union for the treatment of
visual impairment caused by macular oedema secondary
to RVO in branch and central RVO. Ranibizumab
provides an additional therapeutic option for this
complex disease: an option that was not fully considered
during the preparation of current international
guidelines. An expert panel was convened to critically
evaluate the evidence for treatment with ranibizumab in
patients with visual impairment caused by macular
oedema secondary to RVO and to develop treatment
recommendations, with the aim of assisting physicians to
optimise patient treatment.

INTRODUCTION
Background
Retinal vein occlusion (RVO), the second most
common cause of retinal vascular disease after dia-
betic retinopathy, is a frequent cause of vision
loss.1–4 According to National Eye Institute Visual
Function Questionnaire (NEI VFQ)-25 scores, RVO
significantly impacts vision-related quality of life
(QoL) compared with individuals with no ocular
disease.5 6

Until recently, the standard of care for macular
oedema resulting from branch RVO (BRVO) was
macular grid laser photocoagulation, based on out-
comes of the Branch Vein Occlusion Study, which
showed a mean 3-year improvement of 1.33 lines
of vision in treated patients (n=43) versus 0.23 lines
in untreated controls (n=35; p<0.0001).1

Although macular laser treatment reduced
macular oedema in individuals with central RVO
(CRVO), the Central Retinal Vein Occlusion Study
did not show any significant visual acuity (VA)
benefit.7 Intraocular corticosteroids have provided
similar benefits to macular grid laser photocoagula-
tion in BRVO and superior visual outcomes com-
pared with observation in CRVO; however, these
corticosteroids are associated with elevated intrao-
cular pressure and cataract development.8 9 In the
GENEVA study, an intravitreal dexamethasone
implant provided improvements in mean best-
corrected VA (BCVA) for patients with BRVO and

CRVO, but was also associated with elevated
intraocular pressure and cataract.10

In 2010, ranibizumab was approved in the USA
for the treatment of macular oedema after RVO11

and was approved in 2011 in the European Union
(EU) for the treatment of visual impairment due to
macular oedema secondary to BRVO and
CRVO.12–14 Current international guidelines were
prepared before approval was granted;15–17 there-
fore, clinical guidance on how ranibizumab can
best be incorporated into clinical practice is war-
ranted. This expert panel’s recommendations are to
help guide the use of ranibizumab in RVO.

Antivascular endothelial growth factor agents
in RVO
In RVO, functional and structural changes in the
retina, including reduced blood flow in the retinal
capillaries, lead to hypoxia which, in turn, leads to
upregulation of vascular endothelial growth factor
(VEGF).18 19 VEGF disrupts the blood–retinal
barrier, stimulates vascular endothelial growth and
increases vascular permeability.19 Elevated VEGF
concentrations have been detected in the ocular
fluid of patients with BRVO and CRVO and correl-
ate with the severity of macular oedema.20–24

Anti-VEGF therapies have been approved for
ocular use for 10 years, initially for treatment of
neovascular AMD (nAMD).25 Ranibizumab has
been approved for treatment of diabetic macular
oedema and macular oedema following RVO and
choroidal neovascularisation in pathological
myopia,12 26 and aflibercept has been licensed for
the treatment of nAMD and CRVO.25 27

Bevacizumab, despite not being licenced for use in
ophthalmic indications, and ranibizumab, are the
two most commonly used anti-VEGF drugs in oph-
thalmic patients, although aflibercept has shown
rapid uptake.25

Bevacizumab has been compared with ranibizu-
mab for the treatment of nAMD in several rando-
mised clinical trials.28–31 These studies
demonstrated equivalence of bevacizumab and rani-
bizumab in terms of clinical efficacy. However, they
were not powered to compare safety, and questions
on this matter are still outstanding, although no sig-
nificant differences were found concerning arterio-
thrombotic events.
Several anti-VEGF agents have been evaluated

for the treatment of RVO, including ranibizumab,
bevacizumab, pegaptanib and aflibercept. Case
series have indicated that treatment with bevacizu-
mab can benefit patients with RVO,32–36 although
bevacizumab is not licensed for intraocular use, and
the optimal dosing schedule, long-term outcomes
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and risks of adverse events (AE) for patients with RVO remain
unclear. A retrospective study of 81 patients compared the effi-
cacy of ranibizumab to bevacizumab for the treatment of
macular oedema secondary to RVO and observed that both
were effective with no significant difference in change in
BCVA.37 Ranibizumab has not been compared with pegaptanib
or aflibercept in this indication.

Studies to investigate the use of anti-VEGF agents for the
treatment of RVO are ongoing; for example, the Study of
Comparative Treatments for RVO (SCORE2) is a multicentre,
prospective, randomised, non-inferiority trial for macular
oedema secondary to CRVO, comparing bevacizumab with afli-
bercept.38 At the time of writing, this trial was not yet open for
enrolment; the estimated completion date is March 2018.

Available data show that patients with RVO achieved improve-
ments in VA after treatment with pegaptanib or aflibercept com-
pared with sham injections.39 40 Pegaptanib was assessed in a
phase II study of 65 patients, although this was only over
30 weeks and the long-term response remains unclear.39 The
phase III COPERNICUS trial investigated aflibercept treatment
for macular oedema secondary to CRVO in 114 patients.40 The
results of this study demonstrated that the proportion of
patients gaining ≥15 letters in BCVA from baseline at weeks 24,
52 and 100 was significantly greater for patients receiving afli-
bercept compared with sham injection (p<0.001). The most
frequent ocular serious AE from baseline to 100 weeks was vit-
reous haemorrhage (0.9% vs 6.8% with sham injection).40

Therefore, anti-VEGF therapy is a generally well-accepted
approach to the treatment of RVO, and there is no evidence to
suggest either the superiority of, or preference for, any of the
currently available agents. As such, the use of ranibizumab and
alternative anti-VEGF agents differs considerably between
countries.

Development of recommendations for ranibizumab in
patients with RVO
An independent European expert panel was convened to discuss
the available evidence from clinical studies of ranibizumab in
patients with RVO.

Recommendations were based on evidence from prospective,
randomised controlled trials (see online supplementary
material). For clinical scenarios for which robust clinical evi-
dence was limited, small single-centre studies or case series were
also considered, with appropriate reservations. The panel
sought the advice of an expanded committee of 43 European
ophthalmologists for specific clinical questions when available
evidence was limited.

RANIBIZUMAB IN RVO: SUMMARY OF EVIDENCE
The BRAVO (BRAnch Retinal Vein Occlusion) and CRUISE
(Central Retinal Vein OcclUsIon) studies were pivotal phase III
trials for the approval of ranibizumab for the treatment of visual
impairment due to macular oedema secondary to RVO.12 41 42

Patients with macular oedema secondary to BRVO or CRVO
were randomised 1:1:1 to receive six monthly intravitreal injec-
tions of ranibizumab 0.3 mg, ranibizumab 0.5 mg or sham, fol-
lowed by a 6-month, as-needed (PRN) phase, during which all
patients were eligible for ranibizumab treatment. In the BRAVO
study, rescue grid macular laser photocoagulation was permitted
from month 3.41 In these studies, ranibizumab treatment was
associated with significant improvements in BCVA, observed
from day 7, with BCVA gains sustained over 12 months of treat-
ment.43 44

Visual outcomes in the BRAVO study
In the BRAVO study, the mean change in BCVA from baseline at
month 6 was +18.3 letters in the ranibizumab 0.5 mg group
(n=131) compared with +7.3 letters with sham (n=132;
p<0.0001).41 43 Overall, 61.1% of patients treated with ranibi-
zumab 0.5 mg and 28.8% of patients who received sham gained
≥15 letters at month 6 (p<0.0001).41 At month 12, mean
BCVA improvements were +18.3 letters for ranibizumab 0.5 mg
versus +12.1 letters with delayed treatment (p<0.01;
figure 1A).43 The proportion of patients gaining ≥15 letters
with ranibizumab 0.5 mg at month 12 (60.3%) was similar to
that at month 6 (61.1%), but this increased from 28.8% to
43.9% for the delayed treatment group.41 43

Visual outcomes in the CRUISE study
In the CRUISE study, 6-month BCVA outcomes showed signifi-
cant improvements of +14.9 letters in the ranibizumab 0.5 mg
group (n=130) compared with +0.8 letters in the sham group
(n=130; p<0.0001).42 44 BCVA improvements with ranibizu-
mab 0.5 mg were sustained to month 12 and were significantly
greater than those for the delayed treatment group (+13.9 letters
vs +7.3 letters, respectively; p<0.001; figure 1B).44 At month 6,
the proportion of patients who gained ≥15 letters with ranibizu-
mab 0.5 mg was significantly greater compared with sham
(47.7% vs 16.9%, respectively; p<0.0001),42 and was also
greater in the delayed treatment group at month 12 (50.8% vs
33.1%, respectively).44

Anatomical outcomes in the BRAVO and CRUISE studies
The BRAVO and CRUISE studies demonstrated that ranibizu-
mab was associated with significantly greater mean reductions in
central foveal thickness (CFT). At month 6 of the BRAVO study,
the mean CFT reduction was –345.2 μm with ranibizumab
0.5 mg and –157.7 μm with sham (p<0.0001).41 This reduction
was sustained to month 12 with ranibizumab 0.5 mg (–347.4 μm)
compared with a reduction of –273.7 μm in the delayed treat-
ment group (p<0.05).43

Similarly, at month 6 of the CRUISE study, mean reductions
in CFTof –452.3 μm and –167.7 μm were observed with ranibi-
zumab 0.5 mg and sham, respectively (p<0.0001).42 At
month 12, the mean CFT reduction was –462.1 μm with ranibi-
zumab 0.5 mg compared with –427.2 μm with delayed
treatment.44

Safety outcomes in the BRAVO and CRUISE studies
Ranibizumab was generally well tolerated, with no new safety
risks identified up to month 12. In the BRAVO study, cataract
was reported in 6.2% of the ranibizumab 0.5 mg group, 3.1%
of the sham group up to month 6, and 2.6% from months 6 to
12 after patients switched to ranibizumab 0.5 mg. One inci-
dence of endophthalmitis in the ranibizumab 0.5 mg group was
reported. Six serious AEs (SAE) potentially related to VEGF
inhibition were reported with ranibizumab 0.5 mg: one each of
haemorrhagic stroke, acute myocardial infarction, unstable
angina, hypertension, non-ocular haemorrhage and intestinal
perforation. In the delayed treatment group, one SAE of haem-
orrhagic stroke was reported up to month 6 and one SAE each
of acute myocardial infarction and hypertension was reported
during months 6–12.43

In the CRUISE study, cataract was reported in 7.0% of
patients treated with ranibizumab 0.5 mg, 1.8% in the delayed
treatment group, and 0% in the sham group. Endophthalmitis
was not reported for any treatment group. Four SAEs possibly
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related to VEGF inhibition were reported in the 0.5 mg group
(ischaemic stroke, transient ischaemic attack, myocardial infarc-
tion and angina pectoris). In the delayed treatment group, there
were two SAEs (myocardial infarction and hypertension) up to
month 6, but none reported during months 6–12.44

The HORIZON study
Patients completing the BRAVO and CRUISE trials were eligible
for the open-label HORIZON cohort 2 study.45 One-year
results (corresponding to 2 years of treatment) suggest that PRN
ranibizumab dosing was adequate to maintain visual gains in
patients with BRVO. Net gains of 17.5 letters and 15.6 letters
from BRAVO baseline were observed for patients initially rando-
mised to ranibizumab 0.5 mg (n=104) and sham (n=97),
respectively. Although some loss of efficacy was observed
in patients with CRVO, there was an overall improvement of
12.0 letters and 7.6 letters, respectively, from the CRUISE base-
line for patients initially randomised to ranibizumab 0.5 mg
(n=99) and sham (n=98). Of note, the negative impact of
delayed treatment was reduced in BRVO patients over the
12-month period, possibly because of the availability of rescue

laser photocoagulation from month 3 in the BRAVO study.
During the entire 24-month study period, increased intraocular
pressure was reported for two patients with BRVO and one
patient with CRVO. There were no cases of traumatic cataract
(lens damage). Two patients with CRVO experienced
endophthalmitis.

The retinal vein occlusion (ROCC) study
This 6-month, prospective randomised trial compared the effi-
cacy and safety of ranibizumab (n=15) with sham (n=14) in
patients with CRVO.46 Patients received three consecutive
monthly injections of ranibizumab 0.5 mg or sham: subsequent
treatment was administered if macular oedema in the central
macular area persisted. At month 6, a mean number of 4.3 rani-
bizumab injections was associated with a BCVA mean improve-
ment of 12 letters (p=0.040) compared with a loss of 1 letter
with sham treatment (p=0.765). The mean CFT reduction at
month 6 was –304 μm with ranibizumab (p<0.001) and
–151 μm in the sham group (p=0.017), with significantly
greater improvements with ranibizumab versus sham (p=0.05).

Figure 1 The (A) BRAVO and (B) CRUISE studies: mean change in baseline BCVA letter score in study eye over time to month 12 after treatment
with ranibizumab 0.3 mg, 0.5 mg or sham.43 44 In both studies, visual gains during treatment were generally maintained in the ranibizumab
treatment groups during the observation periods. There were substantial improvements in visual acuity in the sham/ranibizumab 0.5 mg groups
during observation; however, in the BRAVO and CRUISE studies the mean change from baseline BCVA score of the sham/ranibizumab 0.5 mg groups
remained significantly different from those of the ranibizumab 0.3 mg and 0.5 mg groups at month 12. In both studies, the 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 SE of
the mean. *p<0.0001 vs sham; **p<0.01 vs sham/ranibizumab 0.5 mg; †p<0.0001 vs sham, ††p<0.001 vs sham/ranibizumab 0.5 mg. BCVA,
best-corrected visual acuity; ETDRS, Early Treatment Diabetic Retinopathy Study; PRN, as needed.
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Table 1 Published studies providing primary data on ranibizumab in patients with visual impairment or macular oedema secondary
to RVO47–53

Reference Risard et al47 Campochiaro et al48 Spaide et al49 Campochiaro et al50

Study design Prospective, open label Prospective, randomised,
masked trial

Randomised, open
label

Randomised, uncontrolled

Duration (months) 36
24-month data available

24 12 6

Population Perfused CRVO BRVO/CRVO CRVO BRVO/CRVO

Number of patients 20 40 (BRVO, n=20; CRVO, n=20) 20 40 (BRVO, n=20; CRVO,
n=20)

Ranibizumab treatment Cohort 1: 0.3 mg (n=5) or 0.5 mg
(n=5);
3×monthly then PRN (q3 m monitoring
amended
to monthly in year 2);
Cohort 2: 0.3 mg (n=5) or 0.5 mg
(n=5);
3×monthly then PRN (q1 m
monitoring)

0.3 mg or 0.5 mg at BL and months 1 and 2 then
PRN after month 12

0.5 mg at BL and
months 1 and 2,
then PRN

3×monthly 0.3 mg or
0.5 mg

Mean number of
ranibizumab injections

NR 2 (BRVO); 3.5 (CRVO) 8.5 NR

Mean BCVA change at
month 6 (letters)

NR 0.3 mg and 0.5 mg (pooled):*
+16.1 (BRVO); +12.0 (CRVO)

0.5 mg: +10.4
(p=0.001)*

0.3 mg: +11 (CRVO)†
0.5 mg: +3 (CRVO)†
0.3 mg: +15 (BRVO)†
0.5 mg: +14.5 (BRVO)†

Mean BCVA change at
month 12 (letters)

Cohort 1: +10.0
Cohort 2: +3.7

0.3 mg and 0.5 mg (pooled):‡
+17.8 (BRVO); +8.5 (CRVO)

0.5 mg: +18.5 NR

Patients gaining ≥15 letters at
month 12 (%)

Cohort 1: 30
Cohort 2: 30

0.3 mg and 0.5 mg (pooled):‡
59 (BRVO); 28.6 (CRVO)

0.5 mg: 56.3 0.3 mg pooled: 70
0.5 mg pooled: 40

OCT change at month 6 NR 0.3 mg and 0.5 mg (pooled) CFT:*
–264.4 μm (BRVO);
–260.5 μm (CRVO)

0.5 mg: –317 μm
CMT

0.3 mg: –220 μm (CRVO)
0.5 mg: –86 μm (CRVO)
0.3 mg: –213.5 μm
(BRVO)
0.5 mg: –214.5 μm
(BRVO)

OCT change at month 12 Cohort 1: –304 μm CRT*
Cohort 2: –282 μm CRT*

0.3 mg and 0.5 mg (pooled) CFT:‡
–229.5 μm (BRVO);
–129 μm (CRVO)

0.5 mg:
–389 μm CFT

NR

Incidence of ocular AEs (n) 1 increased oedema/ischaemia
1 myocardial infarction
1 cerebrovascular accident

NR NR 0 treatment-related AEs

Reference Alfaro et al52 Pieramici et al53 Wykrota et al54

Study design Non-randomised, open label Randomised, open label Non-randomised, interventional case series

Duration (months) 12 24 6

Population BRVO CRVO BRVO/CRVO

Number of patients 20§ 10 16 (BRVO, n=11; CRVO, n=5)

Ranibizumab treatment 0.3 mg or 0.5 mg at BL and months
1 and 2, then PRN

0.3 mg or 0.5 mg at BL and months 1 and
2, then PRN

0.5 mg**

Mean number of
ranibizumab injections

7 4.5 3.2

Mean BCVA change at month 6 (letters or
Snellen equivalent)

0.3 mg and 0.5 mg (pooled): +15.5 0.3 mg: +8.0
0.5 mg: 3

0.5 mg: 20/400 at BL to 20/100 at month 6
(p=0.01 at month 6
compared with BL)

Mean BCVA change at
month 12 (letters)

0.3 mg and 0.5 mg (pooled): +16.2 0.3 mg and 0.5 mg (pooled): +1¶
(p=0.859)

NR

Patients gaining ≥15 letters at month 12 (%) 0.3 mg and 0.5 mg (pooled): 55 0.3 mg: 20¶
0.5 mg: 40¶

NR

OCT change at month 6 0.3 mg and 0.5 mg (pooled): –
164.4 μm CRT

0.3 mg and 0.5 mg (pooled): –88 μm CRT
(p=0.154)

0.5 mg: –366 μm CRT

OCT change at month 12 0.3 mg and 0.5 mg (pooled): –
167.9 μm CRT

NR NR

Incidence of ocular AEs (n) 0.3 mg and 0.5 mg (pooled): 0 SAEs 0.3 mg and 0.5 mg (pooled): 0 SAEs 0.5 mg: 0

*3-month data provided.
†Median values reported.
‡24-month data provided for 17 patients with BRVO and 14 patients with CRVO.
§Expected enrolment, data available for 11 patients.
¶9-month data provided.
**Dosing regimen not provided.
AE, adverse event; BCVA, best-corrected visual acuity; BL, baseline; BRVO, branch retinal vein occlusion; CFT, central foveal thickness; CMT, central macular thickness; CRT, central
retinal thickness; CRVO, central retinal vein occlusion; NR, not reported; OCT, optical coherence tomography; PRN, as needed; q1 m, every month; q3 m, every 3 months; RVO, retinal
vein occlusion; SAE, serious adverse event.
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No cases of endophthalmitis, infection, retinal detachment or
iatrogenic cataract formation were reported.

Additional studies, including prospective, open-label studies
and randomised controlled trials, provide further evidence of the
benefits of ranibizumab in the treatment of BRVO and CRVO
(table 1).47–53 So far, no controlled study data are available on
the impact of ranibizumab on intraretinal or cilioretinal shunt or
collateral vessel formation in eyes with venous occlusion.

RANIBIZUMAB IN RVO: TREATMENT RECOMMENDATIONS
Recommendations for the use of ranibizumab in the treatment
of RVO are summarised in the box 1.

Eligibility for ranibizumab treatment
Visual impairment
Ranibizumab is indicated for the treatment of visual impairment
due to macular oedema secondary to BRVO or CRVO.12

Reduced VA is a universally recognised indicator of visual impair-
ment and the measure employed to indicate when ranibizumab
treatment should commence. Although 20/40 has often been
used as a threshold for VA impairment in clinical trials, many
ophthalmologists would consider this too low. The physician’s
own judgement may better determine what VA loss or visual
function loss is significant to the individual patient to commence
treatment. There is no level of VA for which treatment is contra-
indicated as a rule; even patients with normal VA could present

Box 1 Summary of recommendations for ranibizumab in RVO

Eligibility for ranibizumab treatment
▸ Ranibizumab is indicated for the treatment of visual impairment due to macular oedema secondary to BRVO or CRVO. For hemiretinal

RVO, a treatment approach similar to that for BRVO is suggested.
▸ When treating newly diagnosed RVO, physicians should be aware of common risk factors, to follow good clinical practice and refer

patients to the appropriate specialist if necessary.
▸ Physicians should be vigilant for signs of rubeosis during follow-up of all RVO cases, particularly CRVO. The role of ranibizumab in

the prevention and management of rubeosis is still unclear and requires further study.
▸ Ranibizumab is generally not recommended for patients presenting with irreversible ischaemic visual loss because of the limited

availability of phase III trial data in this patient population. However, ranibizumab treatment may be considered when macular
oedema is present in the perfused retinal areas adjacent to the macular ischaemic retinal zones, because some patients may
experience a benefit.

Commencement of ranibizumab treatment
▸ Early treatment is recommended to optimise long-term VA benefits.
▸ There are different approaches regarding when to commence treatment, ranging from immediate treatment to treatment after 1–

3 months of observation.
▸ Evidence suggests that delaying ranibizumab treatment results in slower overall anatomical improvements and lower net

improvements in BCVA and vision-related QoL.
Initiation of ranibizumab treatment
▸ In accordance with the approved label, ranibizumab treatment should be initiated with monthly injections and continued until the

patient’s VA is stable for three consecutive monthly assessments performed while on treatment.
▸ OCT permits detailed assessment and quantification of the degree and type of oedema and, as such, is considered essential for

determining whether visual impairment in patients with RVO is caused by macular oedema.
▸ If patients do not experience any improvement in BCVA for the initial three monthly assessments while on treatment, continued

treatment is not recommended.
Treatment interruption
▸ The attainment of stable VA for 3 consecutive months while on treatment (at least three injections when ranibizumab is initiated and

a minimum of two injections if treatment is restarted) is considered sufficient for temporary interruption of treatment. Patients should
continue to undergo monthly monitoring for VA.

Follow-up examinations to determine retreatment need
▸ Monthly ranibizumab treatment is reinitiated when a loss of VA resulting from macular oedema secondary to RVO is observed.
– No threshold for VA loss to trigger retreatment has been defined.
– OCT should be performed to determine the extent of macular oedema; if VA has not changed but OCT clearly shows worsening,

treatment may be considered on an individual basis (eg, according to previous history of dynamics of the VA related to OCT).
▸ Formal assessments of QoL may be impractical in daily practice. However, the patient’s perception of the benefits of the chosen

treatment should be considered.
Additional laser treatment
▸ There is no evidence that combining grid macular laser photocoagulation with ranibizumab treatment provides additional clinical

benefit for patients with visual impairment resulting from macular oedema secondary to BRVO.
▸ Focal or panretinal laser photocoagulation in combination with anti-VEGF therapy is recommended by some physicians in the

treatment of ischaemic retinal areas; the rationale for this approach is to decrease the amount of VEGF by reducing the ischaemic
trigger.
– Although not proven, this approach seems logical, but randomised clinical trials will be required to verify this approach.

BCVA, best-corrected visual acuity; BRVO, branch retinal vein occlusion; CRVO, central retinal vein occlusion; OCT, optical coherence
tomography; QoL, quality of life; RVO, retinal vein occlusion; VA, visual acuity; VEGF, vascular endothelial growth factor.
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with significant impairment of contrast sensitivity or visual field.
Therefore, although VA may be the leading indicator for treat-
ment with ranibizumab in patients with RVO, other functional
parameters may be useful on a patient-by-patient basis to fully
determine the need for treatment.

Hemiretinal vein occlusions
There is currently no universally accepted definition for hemi-
retinal vein occlusion. Previously, physicians have treated hemi-
retinal vein occlusion in the same manner as CRVO4; however,
with the introduction of ranibizumab, a clinical approach
similar to BRVO has been adopted.

Ischaemic RVO
Ischaemic RVO has not been systematically addressed in clinical
trials with ranibizumab. In the BRAVO and CRUISE studies, no
patients from the BRAVO, and only two patients from the
CRUISE study met the generally accepted definition for ischae-
mic RVO41 42 54 (≥10 disc areas of capillary non-perfusion).55

Patients with brisk afferent pupillary defect,56 a recognised indi-
cator of ischaemia, were excluded from these studies.41 42

Because of the limited clinical experience with ranibizumab in
the treatment of ischaemic RVO, the approved EU label does
not recommend ranibizumab for patients presenting with irre-
versible ischaemic visual loss.

Physicians should use their own judgement in patients with
macular ischaemia affecting the fovea as to whether any func-
tional improvement might be achieved with ranibizumab
treatment.

When should treatment with ranibizumab commence?
The correlation between duration of macular oedema and poorer
visual outcomes in patients with RVO suggests that prompt initi-
ation of treatment is beneficial. Although spontaneous resolution
of macular oedema is seen in some patients,57 it is difficult to
predict the prognosis for patients with BRVO in the acute phase
of the disease.4 Patients with untreated, symptomatic BRVO pre-
senting with poor VA (baseline VA ranging from 20/40 to
20/200) may experience some VA improvement over time;
however, vision rarely improves beyond 20/40.43 44 57

In the BRAVO and CRUISE studies, significant improvements
in BCVA were observed as early as 7 days after the first ranibizu-
mab injection.41 42 Delaying ranibizumab treatment by 3 months
(retinal vein occlusion) or 6 months (BRAVO and CRUISE)
resulted in slower overall anatomical improvements and lower
net improvements in BCVA and vision-related QoL at month
12.43 44 46 There are different approaches to initiating treatment,
ranging from immediate treatment to treatment after 1–3 months
of observation so as not to treat transitory decrease of vision
associated with some forms of RVO. Although administration of
intravitreal ranibizumab is not without risk, these risks may be
minimal compared with delayed recovery and potential perman-
ent damage from delaying treatment. Early treatment is recom-
mended for patients with CRVO. In cases of BRVO in which VA
is marginally affected, the benefit of observation versus early
treatment should be thoroughly discussed with the patient. In
general, early treatment is recommended to optimise long-term
VA benefits.

Recommendations for the initiation of treatment
Optical coherence tomography (OCT) permits detailed assess-
ment and quantification of the degree and type of oedema and,
as such, is considered essential for determining whether visual
impairment is due to macular oedema in patients with RVO. In

accordance with the approved label, ranibizumab treatment
should be initiated with monthly injections and continued until
maximum VA is achieved (ie, when VA is stable for three con-
secutive monthly assessments performed while on treatment;
figure 2A). Because of the inherent variability in BCVA assess-
ments, physicians should use their clinical judgement to deter-
mine when stable VA has been achieved.

Patients who do not experience any improvement in BCVA
for the initial three monthly assessments while on treatment can
be considered as non-responders to ranibizumab and continued
treatment is not recommended. Fluorescein angiography may be
performed during follow-up of these patients to evaluate any
progression of ischaemia, but is not considered essential. OCT
evaluation of these patients may also be important to guide
future treatment.

When initiating treatment for RVO, physicians should be
aware of systemic risk factors and refer patients to the

Figure 2 Timing of treatment initiation, interruption, retreatment and
treatment termination with ranibizumab in retinal vein occlusion. (A)
Monthly treatment is initiated and continued until maximum VA is
achieved (‘maximum VA’ defined as: VA stable for three consecutive
monthly assessments while on ranibizumab treatment). (B) Treatment is
resumed when loss of VA is observed during monthly monitoring
(monthly injections should be administered until VA is again stable for
three consecutive monthly assessments while on ranibizumab
treatment). (C) If no improvement in VA is observed over a course of
three injections, continued treatment with ranibizumab is not
recommended. BCVA, best-corrected visual acuity; VA, visual acuity.
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appropriate specialist if necessary (see tables S1 and S2; online
supplementary material).16

Follow-up examinations to determine retreatment need
Best-corrected VA
Once stable VA is achieved, treatment can be interrupted;
however, monthly monitoring should continue. Monthly ranibi-
zumab treatment is reinitiated when a loss of VA resulting from
macular oedema secondary to RVO is observed (figure 2B), and
this treatment is continued until stable VA is again achieved for
three consecutive monthly assessments while on treatment
(figure 2C). This recommendation is based on a retrospective
analysis of VA response to initiation, interruption and reinitia-
tion of ranibizumab treatment in the BRAVO and CRUISE
studies. The visit at which VA had been stable for three consecu-
tive monthly assessments while on treatment was named the
‘stability visit’. Mean VA change 1 month after the VA stability
visit was +0.8 letters (BRAVO) and +1.7 letters (CRUISE). The
mean VA change 1 month after ranibizumab reinitiation after VA
loss was +6.6 letters (BRAVO) and +9.8 letters (CRUISE).58

Currently, the threshold at which to initiate retreatment because
of VA loss has not been defined.

Anatomical evaluation
At treatment initiation, OCT evaluation should be performed to
determine whether the observed loss of VA can be attributed to
macular oedema. Fluorescein angiography is recommended to
assess the presence and extent of ischaemia (foveal and periph-
eral) as well as retinal neovascularisation, unless haemorrhage
has prevented sufficient visibility.

Quality of life
Formal assessments of QoL may be impractical in everyday clin-
ical practice; however, the patient’s perception of the benefits of
the chosen treatment is an important factor and may be consid-
ered. At month 6, patients with BRVO treated with ranibizumab
0.5 mg experienced a mean improvement in the NEI VFQ-25
composite score of 10.4 points, compared with 5.4 points in
the sham group (p<0.005).41 43 The corresponding values for
patients with CRVO were 6.2 points compared with 2.8 points,
respectively (p<0.01).44 During months 6–12, improvements in
the ranibizumab 0.5 mg groups were maintained with PRN rani-
bizumab, and VFQ-25 scores increased when patients on sham
were switched to ranibizumab.43 44

Additional laser treatment
For peripheral ischaemia, most ophthalmologists consider a
degree of ischaemia of 5 disc diameters in BRVO, and 10 disc
diameters in CRVO as significant. There is no evidence that add-
ition of grid macular laser panretinal photocoagulation to rani-
bizumab treatment provides any additional clinical benefit for
patients with visual impairment due to macular oedema second-
ary to BRVO. In fact, in the recent RABAMES Study
(Hattenbach et al, 2013 submitted), additional laser treatment
was shown to have no beneficial effect.

Selective scatter photocoagulation in combination with
anti-VEGF therapy is recommended by some physicians for the
treatment of extensive peripheral ischaemia. Indirect evidence
suggests that laser treatment of ischaemic areas can decrease the
amount of VEGF within the eye and, therefore, might have a
synergistic effect with the anti-VEGF therapy, decreasing the
number of injections required.59 Although not proven, this
approach seems logical, but randomised clinical trials are
required to verify this approach. Of note, anti-VEGF therapy

does not treat peripheral ischaemia and should be considered as
supplemental therapy rather than replacement therapy. Laser
therapy should not be performed before initiation of ranibizu-
mab injections because this will worsen macular oedema.

FUTURE CONSIDERATIONS
These recommendations are likely to be updated as additional
long-term data on the treatment of visual impairment caused by
macular oedema secondary to RVO with ranibizumab become
available. Endeavours to optimise therapeutic outcomes in
patients with RVO while decreasing treatment burden and
improving QoL are desirable, and increased clinical experience
will ultimately allow physicians to make the best choices for
their patients.
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