












of treatment is delayed.61 However, persistent IRC should be
considered signs of irreversible retinal degeneration and should
not trigger further retreatment. These recommendations are
based on evidence levels I (CATT, VIEW, HARBOR) and evi-
dence levels II.

THERAPEUTIC STRATEGIES
Intravitreal pharmacotherapy
Pegaptanib
Rationale
VEGF increases vascular permeability, enhances the inflamma-
tory response and induces angiogenesis.62 The isoform VEGF
165 has been particularly implicated in blood–retinal barrier
breakdown and pathological intraocular neovascularisation.
Pegaptanib sodium, Macugen, is a short RNA oligonucleotide,
an aptamer that binds with high specificity and affinity only to
the isoform VEGF165. The rationale is to selectively inhibit
pathological leakage and angiogenesis.63 Pegaptanib is well tol-
erated in humans and has a mean intravitreal half-life of
10 days.

Evidence
The VEGF Inhibition Study in Ocular Neovascularisation
(VISION) Study completed at the end of 2004 marked a new
era for the treatment of neovascular AMD. The study showed
the safety and efficacy of intravitreal inhibition of VEGF for the
treatment of neovascular AMD over 1 year.64 It was a double-
masked, sham-controlled, dose-ranging phase 3 clinical trial
including 0.3, 0.1 and 3.0 mg doses. The control group was

given the usual care including photodynamic therapy (PDT)
monotherapy. Patients received intravitreal injections at 6-week
intervals independent of the neovascular activity. Seventy per
cent of those receiving pegaptanib at 0.3 mg lost fewer than 15
letters of VA, compared with 55% of the control group
(p<0.001). The risk of severe loss of VA (loss of 30 letters or
more) was reduced from 22% in the sham-injection group to
10% in the group receiving 0.3 mg of pegaptanib (p<0.001)(3).
Patients receiving pegaptanib lost a mean of −9 letters over
1 year compared with a loss of −14 letters in the sham-injection
group. Despite continued treatment, progressive growth and
persistent leakage of the neovascular lesion was seen angiogra-
phically in most of the patients. At 54 weeks, every patient in
the pegaptanib groups was re-randomised to continuous further
pegaptanib treatment or sham treatment. Patients from the usual
care group were assigned to continuous usual care, one of the
three groups of pegaptanib doses or the sham-injection group.
At 2 years, 59% of eyes receiving a dose of 0.3 mg lost <15
letters versus 45% of the usual care sham-injected eyes.65 Six
per cent of eyes in the pegaptanib group improved by three
lines compared with 2% of the sham-injected group. At 2 years,
a mean vision loss of −10 letters was found in all subgroups
treated with pegaptanib at 0.3 mg, with a mean of nine treat-
ments applied per year.

The ocular and systemic safety profile of the drug was very
good. Related to the intravitreal injection procedure, specific
risks, such as endophthalmitis (1.3% of treated cases during the
first year, 0.7% during the second year), traumatic lens injury
(0.6% during the first year, 0.2% during the second year) and

Figure 6 Fluorescein angiography (FA) and spectral domain-optical coherence tomography (SD-OCT) identify a minimally classic choroidal
neovascularisation with the classic component in the nasal portion of the macular area and the occult component in the temporal area
(FA, SD-OCT).

Figure 7 Spectral domain-optical coherence tomography (SD-OCT) features of type 2 (classic) choroidal neovascularisation (CNV) associated with
exudative age-related macular degeneration are shown: fluorescein angiography (FA) visualises a small type 2 neovascular membrane. On SD-OCT,
CNV appears between the retina and the retinal pigment epithelium, associated with some exudative cystoid spaces and increased central retinal
thickness. (FA, SD-OCT).
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retinal detachment (0.7% during the first year, 1.2% during the
second year) were reported.66 This was the first evidence that
anti-VEGF therapy is effective and safe in AMD.

Recommendation
Macugen was approved for all lesion types in neovascular AMD
by the Food and Drug Administration (FDA) for the USA in
December 2004, and by the European Medicines Agency for
countries in the European Union (EU) in January 2006. The
therapeutic benefit was favourable compared with the one
obtained with PDT monotherapy, with few treatments needed
with PDT. The chance of a statistically significant improvement
in VA was relatively low (6%). The visual benefits of preventing
visual loss shown in the VISION Study were largely exceeded
by the next anti-VEGF therapy; that is, ranibizumab. This
marked difference in efficacy may be because pegaptanib does
not inhibit other bioactive isoforms of VEGF, such as the
soluble 110 and 121 VEGF fragment in vivo. Therefore, due to
its poorer efficacy compared with other currently available
anti-VEGF drugs, pegaptanib is no longer recommended for the
treatment of exudative AMD. These recommendations are based
on the VISION study data (evidence level I).66

Ranibizumab
Rationale
Ranibizumab is a recombinant, humanised Fab fragment of a
monoclonal antibody with a high affinity for VEGF A. The
binding site is located at amino acid sites 88–89. Ranibizumab

binds and inactivates all isoforms of VEGF, including the
soluble VEGF isoforms 110, 121 and 165 and the tissue-bound
isoforms 189 and 206.62 66 While bevacizumab was developed
for long systemic retention in the treatment of metastatic cancer,
ranibizumab was designed for rapid systemic clearance by
removing the Fc fragment from the parent molecule.67

Additionally, the affinity of the compound for VEGF was
enhanced by modification of five amino acids. In animal models,
intravitreal injection effectively reduced retinal and choroidal
neovascular growth as well as leakage from established vessels.68

Ranibizumab, with its molecular weight of 76 kDa, was found
to penetrate the retina well after intravitreal injection.69 With a
short intravitreal half-life time of 2–4 days, and a rapid systemic
clearance, the systemic safety of ranibizumab is extremely
high.70 Ranibizumab monotherapy has, therefore, become the
reference standard for treatment of CNV.

Evidence
Fixed regimens were evaluated in the MARINA, ANCHOR,
PIER and EXCITE studies. Seven hundred and sixteen patients
with minimally classic or purely occult CNV, and evidence of
presumed recent disease progression, were included in the
MARINA study, a randomised, multicenter, sham-controlled
phase 3 trial. Patients received monthly injections of 0.3 or
0.5 mg of ranibizumab or sham treatment continuously over
24 months. At 12 months, 95% of ranibizumab-treated eyes
compared with 62% of sham-treated eyes, lost <15 letters in
VA.13 Visual improvement by >15 letters was found in 34% of

Figure 8 In retinal angiomatous proliferation, fluorescein angiography (FA) shows a hot-spot in the macular area. On spectral domain-optical
coherence tomography (SD-OCT), a focal pigment epithelial detachment and intraretinal cystoid spaces are the pathognomonic features. (FA,
SD-OCT).

Figure 9 Spectral domain-optical coherence tomography (SD-OCT) features of polypoidal choroidopathy are shown: Indocyanine green angiography
(ICGA) identifies a hyperfluorescent polypoidal lesion. A punctuate haemorrhage associated with the hot-spot on angiography suggests a retinal
angiomatous proliferation. SD-OCT shows a dome-shaped elevation, the sign of a polypoidal lesion. (ICGA, scanning laser ophthalmoscopy, SD-OCT).
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Figure 10 MARINA study. (A) Rate
of loss or gain of visual acuity at 12
and 24 months associated with
ranibizumab, as compared with sham
injection. At 12 months, mean
increases in visual acuity were +6.5
letters in the 0.3 mg group and +7.2
letters in the 0.5 mg group, as
compared with a decrease of –10.4
letters in the sham-injection group
(p<0.001 for both comparisons). The
benefit in visual acuity was maintained
at 24 months. The average benefit
associated with ranibizumab over that
of sham injection was approximately
17 letters in each dose group at
12 months, and 20–21 letters at
24 months. (B) Mean (±SE) changes in
choroidal neovascularisation and
leakage. The mean change from
baseline in each of the
ranibizumab-treated groups differed
significantly from that in the
sham-injection group at 12 and
24 months (p<0.001 for each
comparison) in favour of ranibizumab
treatment. Printed with permission
from ref 13.
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eyes treated with a dose of 0.5 mg (figure 10A and B). At
24 months, 90% of eyes in the 0.5 mg group had continued to
maintain stable vision without loss of >15 letters compared
with 53% in the control group.34 A mean improvement of
seven letters was documented at 24-month follow-up.
Thirty-three per cent of eyes in the 0.5 mg dose group improved
by >15 letters with 42% ending up with a VA of 20/40 or
better. Ranibizumab prevented further CNV growth and
decreased the mean area of leakage angiographically in both
dose groups. Typically, the functional and anatomical effects
were seen rapidly within the first 3 months of intervention, and
were maintained throughout the entire follow-up of 24
months.34 66 Additionally, patients treated with ranibizumab
reported large improvements in near vision, distance vision and
vision-specific dependency in quality-of-life questionnaires
(NEI-VFQ-25).16

The ANCHOR study included 423 patients with predomin-
antly classic subfoveal CNV due to AMD in a prospective, ran-
domised phase 3 trial design.71 Monthly injections of
ranibizumab at 0.3 or 0.5 mg were compared with standard
PDT, which was indicated at 3-month intervals if leakage was
seen angiographically. Ninety per cent of all eyes treated with
ranibizumab at 0.5 mg lost less than 15 letters compared with
66% of eyes maintaining vision with PDT treatment alone at
24 months. Forty-one per cent of eyes in the 0.5ä-mg dose
group improved by >15 letters and 12% improved by >30
letters, compared with 6% of PDT-treated eyes trated with PDT
(figure 11). Additionally, these ranibizumab-treated patients
demonstrated a mean improvement of 11 letters at 24 months,
and 38% had a final outcome of 20/40 or better. Initial VA, or
lesion size, had no impact on vision prognosis.66 72

The PIER study, a phase 3b trial, included 182 patients with
all lesion types and evaluated the efficacy and safety of monthly
ranibizumab at three doses followed by dosing every 3 months.
While patients in the sham group lost a mean of 16 letters
during 12 months of follow-up, patients receiving either dose of
ranibizumab remained stable at baseline VA.66 Ninety per cent
in the group receiving the 0.5 dose lost <15 letters compared
with 49% in the sham group; 13% versus 10% gained >15
letters.73 As the overall VA, returned to baseline from month 3

to month 12 after switching to quarterly dosing, this reduction
appears to suggest that quarterly dosing is inferior to monthly
dosing. This was subsequently confirmed by the EXCITE
study.50 Patients (n=353) with all types of CNV were rando-
mised (1:1:1) to receive doses of ranibizumab at 0.3 mg quar-
terly, 0.5 mg quarterly or 0.3 mg monthly. Treatment comprised
a loading phase (3 consecutive monthly injections) followed by
a 9-month maintenance phase (either monthly or quarterly
injection).50 Mean VA gain over baseline was observed for the
entire 12-month trial in all groups. At month 12 compared with
month 3, the VA gain was slightly decreased with quarterly
dosing (by −2.2 and −3.1 letters with 0.3 mg and 0.5 mg of
ranibizumab, respectively) (figure 12A –C).

Flexible regimens were evaluated in the subsequent trials
including PrONTO, CATT, SECURE and HARBOR. The small,
open-label, prospective, non-randomised PrONTO study
assessed three consecutive monthly injections followed by
OCT-guided variable-interval dosing (at >1 month intervals).48

Retreatment criteria were a 5-letter loss and fluid as detected by
OCT; >100 mm increase in CRT; new-onset classic CNV; new
macular haemorrhage; or persistent macular fluid detected by
OCT >100 mm increase in central thickness (CRT) new-onset
classic CNV new macular haemorrhage or persistent macular
fluid detected by OCT. Although VA outcomes were similar to
those of the MARINA and ANCHOR trials with fewer intravi-
treal injections, substantial trial design differences limit compari-
sons. Despite small and open-label, this study suggested that
flexible OCT-guided retreatment could sustain visual gain with
fewer injections, a concept which has since become a popular
model in clinical practice, particularly in Europe.

The investigators in the randomised CATT trials set out to
assess the relative efficacy and safety of ranibizumab and bevaci-
zumab and to determine whether an as-needed regimen, com-
pared with a monthly regimen, would compromise long-term
VA.54 The treatment protocol was much tighter than used previ-
ously, and is often referred to as ‘zero tolerance’. Radial scan-
ning by TD-OCT was used in the trial and any fluid on OCT
was added to the usual retreatment criteria. At 12 months,
patients treated with monthly ranibizumab with 11.7 injections,
and with ranibizumab as needed with 6.9 injections, gained

Figure 11 ANCHOR study. Mean
(±SE) changes in the number of letters
read as a measure of visual acuity
from baseline through 12 months. The
tracking of mean changes in visual
acuity scores over time showed that
the values in each of the ranibizumab
groups were significantly superior to
those in the verteporfin group at each
month during the first year (p<0.001)
(figure 2) On average, visual acuity of
ranibizumab-treated patients increased
by +5.9 letters in the 0.3 mg group
and +8.4 letters in the 0.5 mg group
at 1 month after the first treatment
and increased further over time to a
gain of +8.5 letters in the 0.3 mg
group and +11.3 letters in the 0.5 mg
group by 12 months. By contrast, the
verteporfin group had an average loss
in visual acuity at each month after the
first month, with a mean loss of 9.5
letters by 12 months. Printed with
permission from ref 13.
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+8.5 and +6.8 letters, respectively.54 Based on the trial design,
PRN using ranibizumab was considered to be non-inferior.
However, a meta-analysis combining the data from all the
groups, as well as the data from the IVAN study, a similar trial
in the UK with different retreatment protocol, found that dis-
continuous was inferior to continuous treatment.74 As the latter
also included data from bevacizumab, the findings might have
been different, if ranibizumab had been used alone, were in this
analysis.

In the CATT year 2 data, when the monthly ranibizumab
group was re-randomised into a continuous monthly treatment
and as-needed treatment, the as-needed group lost −1.8 letters
as compared with those staying with monthly treatment. Over
the entire 2 years, the vision gain was very similar to the year 1
data with +8.8 and +6.7 letters in the monthly and as needed,
respectively.54 In other words, changing to as needed in year 2
lost all the benefit of the monthly treatment from year 1.

SECURE75 and HORIZON76 are prospective extension
studies that were designed to assess the long-term safety and
efficacy of intravitreal injections of 0.5 mg of ranibizumab in
patients with neovascular AMD. HORIZON is a multicentre,
open-label, 24-month extension study following patients who
had completed the MARINA, ANCHOR, or FOCUS (RhuFAb
V2 Ocular Treatment Combining the Use of Visudyne to
Evaluate Safety) trials. It is to evaluate long-term safety, toler-
ability and efficacy of multiple intravitreal injections of 0.5 mg
ranibizumab to patients as needed, SECURE is a phase 4.2-year
extension study in patients with AMD who had completed
1 year of treatment with ranibizumab in the EXCITE75 or
SUSTAIN77 studies. The results from the SECURE study corrob-
orate the findings from the HORIZON study,76 where there was
an incremental decline in the BCVA gains achieved with
monthly ranibizumab treatment in the previous studies, leading
to an overall gradual decline in BCVA by −7.5 letters
(ranibizumab-treated initial group) at the study end. This VA
decline highlights the progressive nature of neovascular macular
disease and shows a strict need for continuous follow-up moni-
toring and rigorous objective retreatment criteria. Continued
follow-up in the SEVEN-UP study also suggested a long-term
persistence of disease activity in the majority of patients.49

The extension studies have provided further data on the
safety of ranibizumab treatment. Intravitreal injections of ranibi-
zumab were associated with a low incidence of endophthalmitis
(0.9%) in the SECURE study75 consistent with the rates
reported in the HORIZON study (0.2% for presumed
endophthalmitis).76 The rates are also consistent with those
reported at 2 years in previous neovascular AMD studies
(MARINA, 1.0%; ANCHOR, 1.1%). In the SECURE study,
arterial thromboembolic events (ATEs) (categorised under
adverse effects (AE) of special interest, and including haemor-
rhagic cerebrovascular conditions, ischaemic cerebrovascular
conditions, myocardial infarction, and arterial embolic and
thrombotic events) occurred in 5.6% of the patients receiving
ranibizumab. These data are similar to the rate of ATEs (accord-
ing to the Anti-platelet Trialists Collaboration criteria) reported
in patients receiving ranibizumab in the ANCHOR and
MARINA studies (4.4%–5%) and the HORIZON study (5.3%
in the ranibizumab-treated initial patients).25

Additionally, the LUMINOUS programme was initiated as
part of an ongoing pharmacovigilance programme for ranibizu-
mab, it was designed to assess long-term safety, efficacy, treat-
ment patterns, and health-related quality-of-life outcomes in a
large number of patients treated with ranibizumab in routine

Figure 12 EXCITE study. (A, B) Proportion of patients with (A) visual
acuity loss (<15 letters) or (B) gain (≥15 letters) over time in the
intent-to-treat patient population (last observation carried forward
(LOCF)) of EXCITE. Best-corrected visual acuity (BCVA) increased from
baseline to month 12 by +4.9, +3.8, and +8.3 letters in the 0.3 mg
quarterly (104 patients), 0.5 mg quarterly (88 patients), and 0.3 mg
monthly (101 patients) dosing groups, respectively. After three initial
monthly ranibizumab injections, monthly (0.3 mg) and quarterly
(0.3 mg/0.5 mg) ranibizumab treatments maintained BCVA in patients
with choroidal neovascularisation secondary to age-related macular
degeneration. At month 12, BCVA gain in the monthly regimen was
higher than that of the quarterly regimens. The non-inferiority of a
quarterly regimen was not achieved with reference to 5.0 letters.
(C) Mean change from baseline over time of central retinal thickness as
assessed by optical coherence tomography scan in the intent-to-treat
patient population ( LOCF) of EXCITE. Vertical bars represent SE of the
mean. The mean decrease in central retinal thickness from baseline to
month 12 in the intention-to-treat population was −96.0 mm in 0.3 mg
quarterly, −105.6 mm in 0.5 mg quarterly, and −105.3 mm in 0.3 mg
monthly group. Printed with permission from ref 50.
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clinical practice across the world.25 (ClinicalTrials.gov identifier:
NCT01318941).

The HARBOR study is the only trial that has included
SD-OCT monitoring into a PRN regimen compared with
monthly treatment.55 The study evaluated the 12-month efficacy
and safety of 0.5 and 2.0 mg intravitreal dosing of ranibizumab
monthly and on an as-needed (PRN) basis in treatment-naive
patients with subfoveal neovascular AMD. Patients (n=1098)
were randomised to receive ranibizumab 0.5 or 2.0 mg ranibizu-
mab injections intravitreally, monthly or on a PRN basis after
three monthly loading doses. At month 12, the mean change
from baseline in BCVA for the four groups was +10.1 letters
(0.5 mg monthly), +8.2 letters (0.5 mg PRN), +9.2 letters
(2.0 mg monthly), and +8.6 letters (2.0 mg PRN). The propor-
tion of patients who gained ≥15 letters from baseline at month
12 in the four groups was 34.5%, 30.2%, 36.1% and 33.0%.
The mean change from baseline in central foveal thickness at
month 12 was −172, −161.2, −163.3 and −172.4 μm. The
mean number of injections was 7.7 and 6.9 for the 0.5 mg PRN
and 2.0 mg PRN groups. Ocular and systemic safety profiles
were consistent with previous ranibizumab trials in AMD and
similar between groups, without any safety risks documented.
At month 12, the ranibizumab 2.0 mg monthly group did not
meet the prespecified non-inferiority (NI) comparison. Vision in
all treatment groups improved clinically meaningfully (+8.2 to
+10.1 letters), and all groups had improved anatomic out-
comes, with the PRN groups requiring approximately four
fewer injections (6.9–7.7) than the monthly groups (11.2–11.3).
(figure 13A and B). No new safety events were observed despite
a fourfold dose escalation in the study. Therefore, the HARBOR
study confirmed that 0.5 mg of ranibizumab dosed monthly pro-
vides optimum results in patients with neovascular AMD, and
that there is no great disadvantage in using a PRN regimen
instead of continued monthly injections55 provided that strict
monthly monitoring is provided using SD-OCT technology.

Treat-and-extend is another flexible strategy suggested to
reduce retreatment numbers. After three initial monthly ranibi-
zumab or bevacizumab injections, and then to continue with
monthly injections until there was no CNV activity (subretinal/
intraretinal fluid, loss of >5 letters, or persistent/recurrent
retinal haemorrhage) in a prospective cohort study of 120
patients.78 When there was no leakage activity, the interval to
the next visit/injection was extended by 2 weeks to a maximum
of 12 weeks. When there was CNV activity, this interval was
shortened by 2 weeks. Mean VA change from baseline was
+9.5±10.9 and +8.0±12.9 letters after 12 and 24 months,
respectively, with, on average, 8.6±1.1 visits/injections in the
first year, and 5.6±2.0 in the second year. After 12 and
24 months, 97.5% and 95.0% of patients, respectively, lost <15
letters. This ‘inject-and-extend’ protocol with fewer injections
and visits delivered outcomes similar to those of the pivotal clin-
ical trials of monthly ranibizumab with fewer injections and
fewer visits. Treat-and-extend trials are currently underway in
Europe. Although undertreatment is the major issue, complica-
tions from overtreatment should also be considered because,
since a substantially increased rate of geographic atrophy (GA)
was documented with monthly use of ranibizumab had new GA
lesions after 2 years compared with only 15% of eyes treated in
the as-needed arm.

Recommendation
Lucentis has been approved by the FDA since July 2006 for all
lesion types in neovascular AMD in the USA since July 2006.
An approval by the European Medicines Agency (EMA) for

countries in the EU was granted in January 2007. The approved
dose is 0.5 mg of ranibizumab. Giving injections continuously
monthly for 2 years on a PRN regimen with strict monthly
monitoring using SD-OCT and retreatment, whenever any evi-
dence of fluid is noted by retinal imaging has been found to be
the regimen that secures the optimum results in vision outcome.
The official product label in Europe recommends monthly intra-
vitreal injections continued until maximum VA is achieved for
three consecutive monthly assessments. Thereafter, patients
should be monitored monthly for VA. Treatment is to be
resumed when monitoring indicates loss of VA due to wet
AMD. Monthly injections should then continue until stable VA
is reached again for three consecutive monthly assessments.
Current usage in Europe is based on OCT monitoring and ces-
sation of treatment when fluid is absent on OCT.

Figure 13 HARBOR study. (A) Mean change from baseline to month
12 in best-corrected visual acuity (BCVA). *Vertical bars are ±1 SE of
the unadjusted mean. Mean number of injections was analysed for
patients who received at least 1 ranibizumab injection in the study eye.
At month 12, the mean change from baseline in BCVA for the four
groups was +10.1 letters (0.5 mg monthly), +8.2 letters (0.5 mg
pro-re-nata (PRN)), +9.2 letters (2.0 mg monthly), and +8.6 letters
(2.0 mg PRN). The proportion of patients who gained ≥15 letters from
baseline at month 12 in the 4 groups was 34.5%, 30.2%, 36.1% and
33.0%, respectively. The mean number of injections was 7.7 and 6.9
for the 0.5 mg PRN and 2.0 mg PRN groups, respectively. (B) Mean
change from baseline to month 12 in central foveal thickness (CFT) by
spectral-domain optical coherence tomography. Vertical bars are ±1 SE
of the unadjusted mean. The mean change from baseline in CFT at
month 12 in the 4 groups was −172, −161.2, −163.3, and
−172.4 μm, respectively. Printed with permission from ref 55.
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Treat-and-extend is being evaluated in prospective clinical trials.
Development of GA should be observed during prolonged
treatment.

The recommendations are based on the ANCHOR,
MARINA, PIER, EXCITE, HARBOR and CATT study data (evi-
dence level I) as well as the SECURE and HORIZON study data
(evidence level II).

Bevacizumab
Rationale
Bevacizumab is a full-length recombinant monoclonal antibody
that binds all VEGF isoforms. It was developed to inhibit patho-
logical angiogenesis in tumours and tumour growth and is
approved by the FDA and EMA for the intravenous treatment
of metastatic colorectal cancer and other cancer types.79 Cancer
patients receiving systemic bevacizumab are commonly found to
have an increased risk of cardiovascular events, stroke and
gastrointestinal bleeding.80 A mathematical model comparing
the time-dependent relative elimination of ranibizumab, bevaci-
zumab and aflibercept was used to determine the theoretical
peak and binding activities when the drugs were injected every
28 days. The intravitreal half-lives of ranibizumab, bevacizumab,
and aflibercept were estimated to be 3.2, 5.6 and 4.8 days,
respectively. The relative molar binding activities of ranibizu-
mab, bevacizumab and aflibercept were 1, 0.05 to 0.2, and 140,
respectively, indicating a lower binding affinity for bevacizu-
mab.81 The systemic retention is prolonged because the
Fc-portion of the substance binds to an endothelial cell receptor
and is recycled. Intravitreal bevacizumab has recurrently been
found to lower systemic VEGF concentrations much more than
ranibizumab. Because bevacizumab and VEGF have similar bind-
ings patterns, it is hypothesised that bevacizumab may be as
effective as ranibizumab in the treatment of neovascular AMD
and other types of intraocular neovascularisation, and may
provide a less expensive alternative to approved substances spe-
cifically adapted for intraocular use.82–85

Evidence
Since 2005, many uncontrolled and retrospective case series
have indicated that bevacizumab has a beneficial effect in the
treatment of neovascular AMD.86–88 Bevacizumab has been split
from the original vial into single doses containing 1.25 mg in a
volume of 0.05 mL. Intraocular use has incidentally been asso-
ciated with clusters of non-infectious mild to severe ocular
inflammation (153 patients reported, no serious sequelae) and a
single cluster of infectious endophthalmitis (12 patients), the
latter associated with inappropriate pharmacy dispensing of the
drug.89 90 A sterile preparation of single doses is mandatory
with timely usage to prevent contamination spreading and
aggregates forming, which leads to enhanced intraocular inflam-
matory reactions.91

Evidence level I data for bevacizumab are exclusively derived
from NI trials comparing bevacizumab with ranibizumab in the
treatment of neovascular AMD aimed at reducing drug-related
costs in clinical practice. The CATT study was a single-masked,
NI trial, in which 1208 patients with neovascular AMD were
randomised to intravitreal injections of ranibizumab or bevacizu-
mab on either a monthly schedule or as needed, with monthly
evaluation. At 1 year, with a difference of five letters, monthly
bevacizumab was equivalent to monthly ranibizumab, with +8.0
and +8.5 letters gained.92 Bevacizumab as needed was equiva-
lent to ranibizumab as needed with +5.9 and +6.8 letters
gained. Nevertheless, the comparison between bevacizumab as
needed and monthly bevacizumab was inconclusive, and NI was

not achieved. The mean decrease in CRTwas greater in the rani-
bizumab monthly group (196 μm) than in the other groups
(152–168 μm). Rates of death, myocardial infarction, and stroke
were similar for patients receiving either bevacizumab or ranibi-
zumab (p>0.20). However, the proportion of patients with
serious systemic adverse events (primarily hospitalisations) was
higher with bevacizumab than with ranibizumab (24.1% vs
19.0%; risk ratio, 1.29; 95% CI 1.01 to 1.66). Subsequently,
1107 patients were followed during year 2, and the patients ini-
tially assigned to monthly treatment were reassigned randomly
to monthly or as-needed treatment, without changing the drug
assignment.54 The mean gain in VA was similar for both drugs
(bevacizumab-ranibizumab difference, −1.4 letters; 95% CI),
but greater for monthly than for as-needed treatment (differ-
ence, −2.4 letters; 95% CI −4.8 to −0.1; p=0.046). The pro-
portion of eyes without fluid was 13.9% in the bevacizumab
as-needed group, against 45.5% in the ranibizumab monthly
group (drug, p=0.0003; regimen, p<0.0001 with statistically
significantly more eyes treated with ranibizumab demonstrating
resolution of fluid). Generally, switching from monthly to
as-needed treatment resulted in a greater mean decrease in
vision during year 2 (−2.2 letters; p=0.03) and a lower propor-
tion without fluid (−19%; p<0.0001). Rates of death and arter-
iothrombotic events were similar for both drugs (p>0.60) after
2 years, but the proportion of patients with one or more sys-
temic serious adverse events was again higher with bevacizumab
than with ranibizumab (39.9% vs 31.7%; adjusted risk ratio,
1.30; 95% CI 1.07 to 1.57; p=0.009). Treatment as needed,
generally resulted in less gain in VA, whether instituted at enrol-
ment or after 1 year of monthly treatment. The differences
between BCVA values at 2 years increased compared with the
year 1 outcomes with monthly ranibizumab scoring highest and
as-needed bevacizumab scoring lowest. Retreatment indications
were based on loss in BCVA or morphologic evidence of fluid in
the macula based on TD-OCT without clear definition of the
type and localisation of fluid ‘no tolerance’ regimen, and no
clear biomarkers were identified by the protocol (figure 14A-C).

In the IVAN study, 610 patients were assigned randomly to
ranibizumab or bevacizumab, given either every month (con-
tinuous) or as needed (discontinuous), with three consecutive
injection series and monthly review. One year after randomisa-
tion, the comparison between bevacizumab and ranibizumab
was inconclusive and bevacizumab did not meet the NI criteria
(bevacizumab minus ranibizumab −1.99 letters, 95% CI −4.04
to 0.06)74. Discontinuous treatment was equivalent to continu-
ous treatment (discontinuous minus continuous −0.35 letters;
95% CI −2.40 to 1.70). There was no difference between drugs
in the proportion of patients experiencing a serious systemic
adverse event (OR, 1.35; 95% CI 0.80 to 2.27; p=0.25).
Serum VEGF was lower with bevacizumab (geometric mean
ratio, 0.47; 95% CI 0.41 to 0.54; p<0.0001) and higher with
discontinuous treatment (geometric mean ratio, 1.23; 95% CI
1.07 to 1.42; p=0.004). After 2 years, bevacizumab similarly
failed to fall within the NI margin (mean difference −1.37
letters, 95% CI −3.75 to 1.01; p=0.26).93 Moreover, discon-
tinuous treatment also did not reach the NI level (−1.63 letters,
−4.01 to 0.75; p=0.18), that is, the reduction in the frequency
of retreatment resulted in a small loss of efficacy irrespective of
the chosen drug. Frequency of arterial thrombotic events or hos-
pital admission for heart failure did not differ between groups
given ranibizumab (20 (6%) of 314 participants) and bevacizu-
mab (12 (4%) of 296; OR 1.69, 95% CI 0.80 to 3.57;
p=0.16), or those given continuous (12 (4%) of 308) and dis-
continuous treatment (20 (7%) of 302; 0.56, 0.27 to 1.19;
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Figure 14 CATT study. (A) The mean change in visual acuity from enrolment over time in patients treated with the same dosing regimen for
2 years. While ranibizumab monthly, becacizumab monthly and ranibizumab as needed meet the non-inferiority level, treatment with bevacizumab
as needed led to inconclusive results and non-inferiority was not proven. At 2 years, the mean increase in letters in visual acuity from baseline was
+8.8 in the ranibizumab monthly group, +7.8 in the bevacizumab monthly group, +6.7 in the ranibizumab as-needed group and +5.0 in the
bevacizumab as-needed group. Main gain was greater for monthly than for as-needed treatment. Switching from monthly to as-needed treatment
resulted in greater mean decrease in vision during year 2 with −2.2 letters. (B) Differences in mean change in visual acuity at 2 years and 95% CIs
in patients treated with the same dosing regimen for 2 years. The difference in mean improvements for patients treated with bevacizumab relative to
those treated with ranibizumab was −1.4 letters. The difference in mean improvements for patients treated by an as-needed regimen relative to
those treated monthly was −2.4 letters. (C) The mean change in total foveal thickness from enrolment over time by dosing regimen within drug
group: (A) ranibizumab and (B) bevacizumab. Mean gain was greater for monthly than for as-needed treatment. The proportion without fluid ranged
from 13.9% in the bevacizumab as-needed group to 45.5% in the ranibizumab monthly group. Printed with permission from ref 54.
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p=0.13). Mortality was lower with continuous than discontinu-
ous treatment (OR 0.47, 95% CI 0.22 to 1.03; p=0.05), but
did not differ by drug group (0.96, 0.46 to 2.02; p=0.91).

With respect to safety, pooled analyses of the CATTand IVAN
studies showed that mortality was lower with ranibizumab, but
neither outcome differed significantly between drugs with the
size of the respective study population (p=−0.34 and
p=−0.55). Increased odds of experiencing a serious adverse
event with bevacizumab observed in the CATT persisted in the
meta-analysis (p=−0.016). Most importantly, the CATT and
IVAN studies were not powered to identify small, but clinically
significant differences in the safety of the two compounds
(figure 15).

The GEFAL study was a multicenter, prospective, NI, double-
masked, randomised, clinical trial performed at 38 French oph-
thalmology centres.94 Patients were randomly assigned to
receive intravitreal bevacizumab (1.25 mg) or ranibizumab
(0.50 mg). Hospital pharmacies were responsible for preparing,
blinding and dispensing treatments. Patients were followed for
1 year, with a loading dose of three monthly intravitreal injec-
tions, followed by an as-needed regimen (1 injection in the case
of active disease) for the remaining 9 months with monthly
follow-up. Five hundred and one patients were assigned ran-
domly. In the per protocol analysis, bevacizumab was non-
inferior to ranibizumab (bevacizumab minus ranibizumab +1.89
letters; 95% CI −1.16 to +4.93, p<0.0001). The mean number
of injections was 6.8 in the bevacizumab group and 6.5 in the
ranibizumab group (p=0.39). Both drugs reduced the central
subfield macular thickness, with a mean decrease of 95 μm for
bevacizumab and 107 μm for ranibizumab (p=0.27). There
were no statistically significant differences in the presence of
subretinal or intraretinal fluid at final evaluation, dye leakage on
angiogram or change in choroidal neovascular area, but ranibi-
zumab tended to have a better anatomic outcome. The propor-
tion of patients with serious adverse events was 12.6% in the
bevacizumab group and 12.1% in the ranibizumab group
(p=0.88). The proportion of patients with serious systemic or
ocular adverse events was similar in both groups.

Safety is a topic of controversy discussed issue in the use of
bevacizumab. Experimental studies revealed that systemic VEGF
inhibition disrupts endothelial homeostasis and accelerates
atherogenesis, suggesting that these events contribute to the clin-
ical cardiovascular adverse events of VEGF-inhibiting therapies.
The recommendation was, therefore, to determine cardiovascu-
lar safety profiles to improve patient selection for therapy and
allow close monitoring of patients at increased cardiovascular

risk.95 In human studies, Avery et al96 found that the systemic
exposure after the third monthly intravitreal injection was
13-fold greater for aflibercept and 70-fold greater for bevacizu-
mab than for ranibizumab. Another report reviewed differences
in both ocular and systemic safety between intravitreal bevacizu-
mab and ranibizumab in the setting of neovascular AMD.91

Serious adverse events associated with either bevacizumab or
ranibizumab injections are generally rare. Acute intraocular
inflammation tends to occur more frequently following bevaci-
zumab injection. Systemic absorption of bevacizumab is greater
than with ranibizumab, and many studies have shown that spe-
cific risk or age groups of patients have an increased risk of sys-
temic adverse events when receiving bevacizumab compared
with those receiving ranibizumab. A systemic review based on
Medline, Embase and the Cochrane Library evaluated whether
bevacizumab is as safe as ranibizumab, and whether bevacizu-
mab can be justifiably offered to patients as a treatment for
AMD with robust evidence of no differential risk.97 Registered
clinical trials that investigated bevacizumab or ranibizumab in
direct comparison, or against any other control group (indirect
comparison), and had a minimum follow-up of 1 year were
included. Direct comparison (3 trials, 1333 patients): The
1-year data show a significantly higher rate of ocular AE with
bevacizumab than with ranibizumab (relative risk (RR)=2.8;
95% CI 1.2 to 6.5). The proportion of patients with serious
infections and gastrointestinal disorders was also higher with
bevacizumab than with ranibizumab (RR=1.3; 95% CI 1.0 to
1.7). Arterial thromboembolic events were equally distributed
among the groups. Indirect comparison: Ranibizumab versus
any control (5 trials, 4054 patients). The 2-year results of three
landmark trials showed that while absolute rates of serious
ocular AE were low (≤2.1%), relative harm was significantly
raised (RR=3.1; 95% CI 1.1 to 8.9). Bevacizumab versus any
control (three trials, 244 patients): the safety profile of bevacizu-
mab could not be judged due to the poor quality of AE moni-
toring and reporting in the trials. In summary, evidence from
head-to-head trials raised concern about an increased risk of
ocular and systemic adverse events with bevacizumab. The need
for studies that are powered not just for efficacy, but also for
defined safety outcomes based on the signals detected in system-
atic reviews must be emphasised.

Recommendation
The CATTand IVAN results indicate that ranibizumab and beva-
cizumab both confer solid visual function benefits. With
monthly use of both drugs, NI has been proven with optimal

Figure 15 IVAN study. Mean
differences in best corrected distance
visual acuity at 2 years by drug (top)
and by regimen (bottom). Black dashed
line shows non-inferiority limit of −3.5
letters. Mean differences estimated
with data from visits 0, 3, 6, 9, 12, 15,
18, 21, and 24, adjusted for centre size.
For best-corrected visual acuity,
bevacizumab was neither non-inferior
nor inferior to ranibizumab (mean
difference −1.37 letters, 95% CI −3.75
to 1.01; p=0.26). Discontinuous
treatment was neither non-inferior nor
inferior to continuous treatment (−1.63
letters, −4.01 to 0.75; p=0.18). Printed
with permission from ref 93.
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visual outcomes. Direct comparison among as-needed treat-
ments also demonstrated NI, although on a generally lower
level. Bevacizumab, as needed, failed to meet NI equivalence to
monthly ranibizumab, that is, bevacizumab used in a PRN
regimen did not reach the superior visual outcome achievable
with monthly ranibizumab. Therefore, choice of the proper
(fixed monthly) regimen is relevant when off-label bevacizumab
is used. How much reduction in ocular efficacy one would be
willing to sacrifice for reducing the number of injections and/or
costs might depend on individual circumstances.

No major safety issues have emerged, but conclusive data are
lacking, and none of the trials were powered for safety.
Nevertheless, evidence from head-to-head trials consistently
raises concerns about an increased risk of ocular and systemic
adverse events with bevacizumab. Bevacizumab’s impact on
plasma concentrations of VEGF and its prolonged half-life in the
circulation are proven. Therefore, the individual physical condi-
tion of each patient should be considered in the choice of the
adequate therapy with the notion that patients included in clin-
ical trials do not reflect the common risk profile of the real-world
population. Bevacizumab is substantially less expensive, but each
treatment decision is—legally and medically—based on an indi-
vidual agreement between treating physician and patient, and
must be the consequence of a comprehensive discussion of treat-
ment alternatives and incalculable risks. Informed consent after
discussing the optimal benefit, comfort and risks and the off-label
status of the drug is mandatory.98 Currently, there is a conflict on
Avastin between the cost-conscious health authorities in EU
member states and the EU drug regulators. There are several
examples of cost-cutting solutions by health authorities, which
risk undermining the fundamental principles of the regulatory
framework. Meanwhile patients and doctors shoulder the risk.

These recommendations are based on the CATT and IVAN
data (evidence level I).

Aflibercept
Rationale
Aflibercept, unlike the monoclonal antibodies, bevacizumab and
ranibizumab, is a soluble decoy receptor fusion protein. In afli-
bercept, the second binding domain of the native VEGF recep-
tor 1 and the third binding domain of VEGF receptor 2 are
attached to the Fc component of human ICG.99 Therefore, the
binding affinity of aflibercept (KDa=0.49 pmol/L) is higher than
that of ranibizumab (KDa=0.46 pmol/L) and bevacizumab
(KDa=0.58 pmol/L).100 101 The molecular size of aflibercept of
115 kDa results in an intravitreal half-life of 7.1 days, a calcu-
lated bioactivity in human eyes of 2.5 months and a serum half-
life of 18 days due to the presence of an Fc portion.100 101 The
compound binds to all VEGF-A isoforms and VEGF-B, with
higher affinity than their native receptors.102 Aflibercept and
ranibizumab have been found to be equally effective in blocking
endothelial cell proliferation, and 10-fold more potent than bev-
acizumab.103 Aflibercept also binds to placental growth factor
(PlGF) present on endothelial cells and leucocytes.100 In preclin-
ical studies, the compound suppressed CNV and VEGF-induced
vascular breakdown in mice and rats.104 105 However, pro-
longed and high-doses administration led to loss of endothelial
cells and pericytes.106 Intravenous therapy in the first clinical
trial was associated with systemic toxicity, such as proteinuria
and hypertension.107

Evidence
The first intravitreal phase I study showed that aflibercept
decreased macular oedema and SRF for at least six weeks and

was well tolerated.108 A subsequent phase 2 clinical trial,
CLEAR-IT2, compared monthly with quarterly intravitreal afli-
bercept at 0.5 and 2.0 mg. With both doses, monthly treatment
was functionally and anatomically more efficient than quarterly
treatment, initially and after a PRN regimen, until week 52.109

Approval of aflibercept for the treatment of neovascular AMD
was based on two parallel phase 3 pivotal trials, VIEW 1 and
VIEW 2.110 111 Two thousand four hundred and nineteen
patients with treatment-naive neovascular AMD were included
in these double-masked, multicentre, parallel-group, active-
controlled, randomised trials. Eyes with new-onset subfoveal or
juxtafoveal CNV comprising at least 50% of the total lesion size
and a BCVA level between 20/40 and 20/320 Snellen equiva-
lents were randomised 1:1:1:1 to two doses (0.5 and 2.0 mg)
and two regimen (monthly and eight-weekly with 2.0 mg) of
aflibercept. There was one control arm receiving ranibizumab
(0.5 mg) at monthly intervals for 52 weeks. The primary end-
point was defined as NI in the proportion of patients maintain-
ing BCVA. Secondary outcomes were change in BCVA and a
reduction in CRT on OCT. At 52 weeks, all aflibercept groups,
independent of doses and regimen, were non-inferior to the
control group with equal maintenance of vision in 95% of
eyes.110 A mean improvement of +8.7 letters (0.5 mg/q4 ranibi-
zumab) in the control group compared with a mean change in
BCVA of +9.3 letters with 2 mg aflibercept every 4 weeks and
+8.4 letters every 8 weeks. In the integrated analysis of VIEW 1
(US centres) and VIEW 2 (centres in Canada, South America,
Europe, Asia, Australia) all regimens were within 0.5 letters of
the reference arm ranibizumab. Notably, in the VIEW 1 study
alone, which included 1217 patients, the four weekly aflibercept
regimen provided a benefit that was statistically superior to that
seen in the other groups, with a visual gain of +10.9 letters.110

Lesions in the VIEW 1 trial were primarily smaller and asso-
ciated with higher initial BCVA scores. Anatomically, all treat-
ment groups demonstrated a similar rapid decline in CRT by
−130 to −157 mm. In the eight-weekly aflibercept groups,
bimonthly fluctuations in CRT were seen with recurrent exud-
ation between extended aflibercept injections. Ocular and sys-
temic adverse events were similar across all treatment groups
with no statistically significant differences in Anti-Platelet
Trialists’ Collaboration (APTC) ATE events or AE rates.

A capped PRN regimen was applied to the 2457 patients in
the complete trial from week 52 to week 96.111 Criteria for
retreatments were new or persistent fluid on OCT, an increase
in CRT of 100 mm or more, or loss of five Early Treatment
Diabetic Retinopathy Study (ETDRS) letters or more, compared
with the best previous score with fluid on OCT, new classic
CNV seen by FA or haemorrhage on ophthalmoscope, and a
mandatory ‘capped’ injections at an interval of 12 weeks since
the previous treatment. The proportion of maintenance in
BCVA ranged between 91% and 92% at week 96 for all groups.
Mean BCVA gains were between +6.6 (aflibercept 0.5 mg) and
+7.9 letters (ranibizumab q4), 7.6 letters (aflibercept q4 and
q8) confirming NI for aflibercept and the eight-weekly retreat-
ment regimen. (figure 16A and B). Overall, a mean loss of 0.8–
1.7 letters was seen in all groups after the switch from a fixed to
a capped flexible regimen. The retreatment frequency was
similar for both substances during the capped PRN year, with
4.1/4.2 (aflibercept 2q4 and 2q8) and 4.7 (ranibizumab) injec-
tions. Less patients with pronounced disease activity requiring at
least six reinjections during the second year received aflibercept
(2 mg) (14%–16%) than ranibizumab (26.5%) treatments.
Accordingly, more aflibercept-treated than ranibizumab-treated
eyes were seen without retinal fluid at weeks 52 and 96.111
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Recent subgroup analyses of the VIEW trials suggested a
superior morphologic efficiency of aflibercept in reducing intrar-
etinal fluid and SRF as well as reducing RPE elevation. One
retrospective assessment of eyes with persistent subfoveal fluid,
despite previous treatments with ranibizumab suggested that at
6 months, mean BCVA and CRT improved significantly upon a
switch to intravitreal aflibercept.112 However, most case series
have indicated that 2.0 mg aflibercept leads to anatomic
improvements in patients with long-standing persistent fluid,
who have received other anti-VEGF agents, but BCVA condi-
tions usually remained unchanged.113 114 Most of these analyses
were retrospective in design and did not specify the previous
anti-VEGF regimen and continuity in detail.

Recommendation
FDA approval of aflibercept for the treatment of neovascular
AMD at a recommended intravitreal dose of 2.0 mg was

granted in 2012. The suggested regimen is monthly injections
for the initial 3 months followed by a fixed dosing every eight
weeks. The label also highlights that no additional efficacy was
demonstrated when aflibercept was dosed every 4 weeks com-
pared with every 8 weeks. In the VIEW 1 study, however,
monthly aflibercept provided statistically superior visual gains.
Many interventional studies suggest a superior anatomic efficacy
of aflibercept compared with ranibizumab and bevacizumab.

The EU label recommends three initial injections at monthly
intervals, followed by eight weekly injections without any subse-
quent monitoring. After 12 months of treatment, the injection
intervals may be prolonged, depending on the functional and
anatomical condition of the individual patient. Control intervals
for evaluation may be adjusted at the treating ophthalmologist’s
discretion. The bimonthly fluctuations in BCVA and CRT values
are small when averaged but are more impressive individually.
This suggests patients with more intensive desease activity who
can benefit from a monthly regimen, as noted in the VIEW 1
study, should be identified. Beyond the first year, increased
dosing with continued monthly/bimonthly injections may be
needed in eyes with morphologic signals, such as PED and IRC,
which are likely associated with aggressive progression of CNV
disease. Evidence level I is provided by the VIEW I and II
studies.110 111

Photocoagulation and PDP for neovascular AMD
Rationale
Photocoagulation relies on the high transparency of the neuro-
sensory retina and the melanin pigment content of the RPE to
exert a selective effect on the outer layers of the retina. Such
photocoagulation can be used to obtain immediate closure of
subretinal neovascular membranes (CNV) resulting in perman-
ent cessation of exudation, haemorrhage and vessel growth. An
alternative method of closing subretinal CNV is PDT, which
combines intravenous infusion of a photosensitive dye that
releases free oxygen radicals when exposed to targeted illumin-
ation of the area of the fundus where the new vessels are
located. Activation of the photosensitiser occurs at light inten-
sities below the threshold for thermal coagulation, and PDT,
therefore, leads to less collateral tissue damage than photo-
coagulation. Both treatment modalities have been tested at
highly powered levels in AMD associated with subfoveal CNV
under the foveal centre or close to the fovea.

Photocoagulation therapy
Evidence
Photocoagulation therapy for neovascular AMD was developed
gradually and mostly on a case-to-case basis, until it was tested
on a large scale against sham photocoagulation in the Macular
Photocoagulation Study (MPS) in the USA115 116 and in rando-
mised studies in the UK117 and France.118 These studies were
conducted in an era, when photocoagulation was the only
effective form of treatment for neovascular AMD. In the MPS,
the long-term visual prognosis for extrafoveal CNV lesions that
were well delineated on fluorescein angiograms, and no parts of
which were closer than 200 mm from the centre of the foveal
avascular zone, was significantly improved by prompt intense
and confluent photocoagulation covering the entire CNV. After
5 years, severe visual loss (30 ETDRS letters or more) occurred
in 46% of treated eyes, as opposed to 64% of untreated eyes.119

Recurrence of CNV caused most of the visual loss between the
early post-treatment period and 5 years after photocoagulation
in the treatment group. A subsequent MPS examined the effect
of photocoagulation of CNV lesions that extended to within 1–

Figure 16 VIEW studies. (A) Mean change from baseline in
best-corrected visual acuity (BCVA). The inset shows the difference in
least square mean (with 95% CI) between intravitreal aflibercept arms
and ranibizumab (aflibercept minus ranibizumab) for BCVA change from
baseline to week 96, full analysis set. Outcomes for the aflibercept and
ranibizumab groups were similar at weeks 52 and 96. Mean BCVA
gains were 8.3–9.3 letters at week 52 and 6.6–7.9 letters at week 96.
Patients received, on average, 16.5, 16.0, 16.2 and 11.2 injections over
96 weeks and 4.7, 4.1, 4.6 and 4.2 injections during weeks 52 through
96 in the Rq4, 2q4, 0.5q4, and 2q8 groups, respectively. All aflibercept
and ranibizumab groups were equally effective in improving BCVA and
preventing BCVA loss at 96 weeks. (B) Mean change from baseline
central retinal thickness, full analysis set. Bimonthly fluctuations in
central retinal thickness (CRT) are seen during the fixed regimen in year
1 in the 2q8 arm. During the second year with a capped pro-re-nata
regimen, variations in CRT become larger with a quarterly fluctuation
pattern. Printed with permission from ref 111.
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199 mm of the centre of the foveal avascular zone. After 1 year,
severe visual loss had occurred in 31% of treated eyes and in
45% of untreated eyes. After 5 years, the respective proportions
were 54% and 57%, persistent or recurrent CNV activity being
responsible for most of the additional loss.120

Finally, an MPS of laser photocoagulation for subfoveal CNV
extending under the centre of the foveal avascular zone showed
that eyes that had not undergone prior photocoagulation suf-
fered an immediate loss of vision after treatment, but gained a
relative long-term benefit.121 After 24 months, the proportion
of patients who had suffered such severe visual loss was still
only 20% in the treated group, but it was 37% in the untreated
group. The results apply only to CNV with a classic component,
a well-defined margin on FA, and the greatest linear diameter of
less than 3.5 disk diameters. Green argon laser (514 nm) was
eventually considered state-of-the-art for photocoagulation of
CNV because the summary experience of trying laser light of
other colours and absorption characteristics is that the funda-
mental effect on CNV and the adjacent tissue components is the
same. Green 532-nm frequency-doubled Nd-YAG laser have
replaced argon laser and are now the standard in photocoagula-
tion for CNV because they are more compact, and spectral shift
has little or no effect on the tissue, these are now the standard
in photocoagulation for CNV.

Photodynamic therapy
The principle of PDT of CNV in AMD has led to the clinical
development and marketing of a single pharmaceutical product
(Visudyne, Novartis Pharma AG, Basel, Switzerland) with the
active ingredient verteporfin. Semi-selective accumulation of ver-
teporfin in proliferating endothelial cells and subsequent activa-
tion of the drug by 689 nm light in the part of the fundus
where the CNV is found, enables closing of the new vessels
without damage to the overlying neurosensory retina or its
blood vessels. The vessels of the underlying normal choroidal
vessels are closed to varying degrees, but the choroidal vessels
recover and become perfused again within a few weeks after
treatment. This temporary closure does not in itself appear to
cause any immediate damage to the retina. The long-term mor-
phological response of the CNV is variable, from flattening of
the retina and lasting quiescence after a single treatment, to
recurrence of CNV activity within a few months, and disease
progression despite several retreatments. Years after initiation of
PDT for neovascular AMD outer retinal atrophy and scarring is
often seen in the area of the CNV where PDTwas administered.

Evidence that PDT is of functional benefit to patients with
neovascular AMD stems from two parallel, identically designed
randomised controlled double-masked 2-year clinical trials,
which were reported together in the peer-reviewed literature
and are known as the TAP Study.122 The study showed that
PDT, administered promptly at baseline and optionally, depend-
ing on CNV activity, again every 3 months, was safe and effect-
ive in that it reduced the risk of moderate (15 ETDRS letters)
and severe (30 ETDRS letters) loss of BCVA. The outcome was
most favourable in eyes with predominantly classic (type 2)
CNV: 59% of treated eyes lost less than 15 letters over 2 years
versus 31% in the sham group. The number of treatments given
was 3.4 in the first year and 2.2 in the second year. A phase 3
randomised, controlled, double-masked, 2-year trial known as
the VIP trial was conducted in eyes with occult (type 1) CNV
and no classic component or evidence of recent disease progres-
sion. A phase 3 randomised, controlled, double-masked 2-year
trial known as the VIP trial was conducted.123 A retrospective
subgroup analysis showed benefit of PDT in eyes with lesions

smaller than four MPS disk areas or VA worse than 20/50,
where treatment was associated with loss of 15 or more ETDRS
letters in 25% of eyes compared with 51% of eyes in the sham
treatment group. A subsequent trial of PDT in occult-only CNV
failed to confirm a treatment benefit of PDT.124 Acute severe VA
loss was the only clinically significant adverse event observed in
PDT studies in AMD with CNV, such acute loss of more than 20
ETDRS letters occurring in less than 5% of the patients. Two
randomised trials of PDT combined with ranibizumab failed to
show a benefit of combination therapy over ranibizumab mono-
therapy.125 126 A recent retrospective study suggests that rescue
therapy with the combination of an intravitreal anti-VEGF agent
and PDT may benefit eyes that have failed anti-VEGF monother-
apy by improving vision, eliminating fluid and reducing the
need for anti-VEGF retreatment.127

Recommendation
Laser photocoagulation therapy and verteporfin PDP have
shown benefits compared with the natural course in selected
subtypes and stages of neovascular AMD. While largely super-
seded by intravitreal pharmaceutical VEGF inhibition, these two
older forms of CNV treatment remain a rational therapeutic
option for selected patients in whom VEGF inhibition is not
advisable. Although the evidence is based on studies of wet
AMD with neovascularisation under or very near the foveal
centre, application of photocoagulation or PDT for subretinal
new vessels is likely to be considered in current clinical practice
in less common conditions, such as peripapillary CNV and, in
the case of photocoagulation, in conditions such as extrafoveal
CNV in pregnant women in whom neither PDT nor intravitreal
VEGF inhibitors have been shown to be safe. Evidence I is pro-
vided by MPS, TAP and VIP studies.

Radiation therapy
Rationale
Radiation therapy, as monotherapy or combined with anti-VEGF
treatment, has also been studied as a new option for the treat-
ment of neovascular AMD. Although anti-VEGF treatments
provide patients with impressive benefits in terms of VA, all
require regular intravitreal injections and they generally suppress
rather than eliminate the disease activity. As replicating tissue is
more susceptible to the effects of radiation than non-replicating
tissue, choroidal neovascular lesions, which consist of proliferat-
ing endothelial cells, are more sensitive to radiation treatment
than normal non-proliferating capillary endothelial cells and
larger vessels.128 The role of radiation therapy for neovascular
AMD was explored as early as 1993, and the rationale for this
approach was based on the known effects of radiation therapy on
tumour microvasculature. Radiation treatment is able to prevent
proliferation of vascular tissue by its anti-inflammatory, antian-
giogenic and antifibrotic properties.129 130 Radiation used for
medical therapies can be divided into two main categories
depending on its method of delivery to the tissue. Brachytherapy
uses a radiation source delivered directly to the lesion by surgery.
The source is usually an isotope which produces ionising radi-
ation as it decays and emits energy. Teletherapy (external beam
therapy) uses radiation formed into a beam which can be pro-
jected at an internal body tissue from an external source. The
source can also be an isotope, but more recently electronically
produced ionising radiation has been used.131

Evidence
Initial studies investigated external beam radiation to treat neo-
vascular AMD. While some studies showed results better than
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the natural history, the results do not compare favourably with
those in the anti-VEGF era. This may be because of collateral
damage to ocular tissue, and the difficulty of targeting macular
lesions with a technology that was designed for larger lesions,
such as tumours. Another factor could be the time delay before
radiation has an effect. There is historical evidence that treat-
ment with external beam radiation therapy and plaque brachy-
therapy for AMD can prevent progression of CNV membranes.
However, the VA results have been less impressive, which is
likely due to inaccurate targeting in the case of external beam
radiotherapy or difficulty in optimising the seed placement in
plaque brachytherapy.132

Currently, two different approaches to radiation therapy are
being investigated: epimacular brachytherapy (EMBT)
(VIDION) and stereotactic radiosurgery (IRay system).131

Radiotherapy produces a delayed response, but has a much
longer duration of action. Therefore, there is a good scientific
rationale for a synergistic response. Anti-VEGF therapy inhibits
growth factors in the local area, while radiotherapy inhibits the
local inflammatory cell population and induces an apoptotic
effect on vascular endothelium. The overall result from these
two approaches has the potential to offer a faster and more
complete recovery of functional vision.

EMBT is designed as a system to deliver intraocular radiation
by placing the source of radiation close to the CNV complex at
the macula. This device uses β radiation from a strontium-90/
yttrium-90 source, and as β radiation has a rapid decline in dose
with increasing distance from the source, it limits the radiation
exposure to a defined region with little damage to adjacent
tissues. The β radiation used in epimacular brachytherapy is
delivered via pars plana vitrectomy (PPV) surgery. Once the vit-
reous has been removed, the surgeon positions the probe over
the CNV lesion. The probe is held in position for approximately
4 min and then removed. Delivery of radiation to neighbouring
structures is low with this method. The macular lesion, the
optic nerve and the lens receive, respectively, 24 grey (Gy),
2.4 Gy and 0.00056 Gy.131

The MERITAGE study was a prospective, multicentric inter-
ventional, non-controlled, clinical trial designed to evaluate the
safety and efficacy of EMBT for the treatment of chronic, active
neovascular AMD. Fifty-three eyes of 53 participants with CNV
requiring frequent anti-VEGF retreatments were included.
Participants underwent PPV with a single 24-Gy dose of EMB
delivered by the method described above. Participants were
retreated with ranibizumab monthly as needed (PRN), using
predefined retreatment criteria. Before enrolment, participants
received an average of 12.5 anti-VEGF injections. After a single
treatment with EMB, 81% maintained stable vision, with a
mean of 3.49 anti-VEGF retreatments in 12 months. Mean±SD
change in VA was −4.0±15.1 ETDRS letters. The authors con-
cluded that EMBT produces stable VA in most participants with
previously treated disease, and may reduce the need for frequent
anti-VEGF retreatments.129

The CABERNET study was a multicentric, randomised,
active-controlled, phase 3 clinical trial with the same objective.
There were 494 participants with treatment-naive neovascular
AMD. Participants with classic, minimally classic, and occult
lesions were randomised in a 2:1 ratio to an EMBT or a ranibi-
zumab monotherapy control arm. Participants in the EMB arm
received two mandated, monthly loading injections of 0.5 mg
ranibizumab. The control arm received three mandated,
monthly loading injections of ranibizumab and then quarterly
injections. Both arms also received monthly as-needed (PRN)
retreatment. At 24 months, 77% of the EMBT group and 90%

of the control group lost fewer than 15 letters. This end point
was non-inferior, using a 20% margin and a 95% CI for the
group as a whole and for classic and minimally classic lesions,
but not for occult lesions. Mean VA change was −2.5 letters in
the EMBT arm and +4.4 letters in the control arm. At least one
serious adverse event occurred in 54% of the participants in the
EMB arm, most commonly postvitrectomy cataract, versus 18%
in the control arm. Mild, non-proliferative radiation retinopathy
occurred in 3% of the EMB participants, but in no case was it
vision-threatening. The authors concluded that 2-year efficacy
data did not support the routine use of EMB for treatment-
naive patients with neovascular AMD, despite an acceptable
safety profile.128

More recently, investigators have revisited external beam
therapy, using a technique called stereotactic radiotherapy or
radiosurgery. This treatment directs beams from different angles
relative to the target area, thereby minimising the exposure to
surrounding healthy tissue, and at the same time precisely tar-
geting the radiation energy onto the lesion. The system is
designed to overcome the traditional disadvantages of external
beam therapy by dividing the dose into several separate beams
that pass into the eye via different locations on the sclera.132

The patient is secured in position with a head restraint and the
eye is continually tracked during treatment.131 In the
INTREPID study, 230 patients with AMD, a history of a
maximum of 3 years’ duration of CNV, and at least three
anti-VEGF injections in the previous year were enrolled. Patients
were randomised into three groups. The first group received
16 Gy irradiation, with a mandatory ranibizumab injection at
the beginning of the study. The second group received 24 Gy
irradiation and one ranibizumab injection as in the first group,
while the control group received sham irradiation and one man-
datory ranibizumab injection. All groups were allowed to have
ranibizumab injections on an as-needed basis during the
12-month follow-up. At month 12, the primary end point of
the study was met showing a 30% less need for anti-VEGF
retreatment in the active compared with sham treatment group.
Furthermore, a subgroup analysis of the patients revealed that
patients with smaller lesions and high macular volume needed
55% fewer reinjections.133

Recommendation
At present, the only scientific argument to support the use of
irradiation for the treating of neovascular AMD is the reduction
in the number of retreatments necessary, but its delivery
methods, efficacy and safety results are still controversial and
need further investigations.

Surgical treatment for haemorrhagic AMD
Rationale
Subretinal haemorrhage (SRH) is a rare, but devastating compli-
cation of neovascular AMD.134 Damage to overlying photorecep-
tors has been found to occur within 24 h and degeneration of
outer retinal layers within 3 days.117 The natural history of sub-
macular haemorrhage (SMH) associated with neovascular AMD
usually leads to poor VA. To date, intravitreal injections of
anti-VEGF drugs have been the gold standard for the treatment
of CNV secondary to AMD. Notwithstanding, clinical trials con-
ducted for drug approval, such as the MARINA and ANCHOR
studies of ranibizumab, excluded patients with predominantly
haemorrhagic lesions. Several other studies that evaluated the
benefits for haemorrhagic AMD of anti-VEGF drugs reported
limited success in the patients affected.135 A complete mechanical
elimination of the subretinal blood clot with or without
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extraction of the underlying neovacular complex is the rationale
for submacular surgery in haemorrhagic AMD.

Evidence
Natural history studies found that 80% of patients had wor-
sened vision, with a decline of mean VA from 20/240 to 20/
1250: 38% developed fibrous tissue proliferation, 25% an atro-
phic scar and 22% an RPE rip.136 Decreased long-term visual
outcome has been associated with an increased thickness of
SMH, increased area of SRH and recurrent SMH.120 136 The
use of antithrombotic medications was also associated with an
increased risk of SMH, which can be of up to 11.6 times higher
in patients with AMD.137

Shultz et al138 classified of SMH in a review article. A small
haemorrhage was defined as a haemorrhage that does not
extend to the vascular arcades, a medium haemorrhage as one
that does extend to the vascular arcades, and a massive haemor-
rhage as one that extends past the vascular arcades to the per-
iphery. A thin SMH was classified as less than 500 m in
thickness, and a thick one as more than 500 m in thickness.

Many surgical modalities are available nowadays, including
vitrectomy with manual clot extraction, vitrectomy with subret-
inal recombinant tissue plasminogen activator (rtPA), and pneu-
matic displacement with and without intravitreal rtPA. The
treatment options for a small haemorrhage that does not extend
to the vascular arcades are intravitreal anti-VEGF and pneumatic
displacement with or without intravitreal rtPA.138

Several studies have investigated pneumatic displacement as
an initial monotherapy to treat SMH and have reported success-
ful displacement of haemorrhage with gas and prone positioning
alone.139 140 Fibrin has been shown to form 1 h after experi-
mentally created SRH in animal models. Therefore, rtPA has
been used to liquefy SMH and to aid in its removal or displace-
ment.141 Hassan et al reported on 14 patients with AMD and
related SMH of less than 3 weeks duration, who were treated
with intravitreal rtPA (25–100 mg), expansile gas and prone
positioning. In all patients, the haemorrhage cleared within
5 days. By final follow-up, 67% of eyes improved by at least two
Snellen lines.142 Hattenbach et al prospectively evaluated 43
eyes with AMD and related SMH with less than 1 month’s dur-
ation. All patients were treated with intravitreal rtPA (50 mg)
and sulfa hexafluoride followed by prone positioning. The best
postoperative VA compared with preoperative VA improved by
two or more Snellen lines in 19 eyes (44%) and remained stable
in 24 eyes (56%). The authors noted that SMH of ≤14-days’
duration was associated with a better gain of lines of vision.

In 2007, Chen et al reported the results of a retrospective
case series of 104 eyes that had received intravitreal injection of
100−30 mg of rtPA and expansile gas, and underwent prone
positioning. In 64% of the eyes, the best VA improved at least
two Snellen lines at the 3-month follow-up. The most common
cause was AMD (86%), but the eyes with SMH unrelated to
AMD had better VA outcomes.143

Medium-sized SMH extends to the vascular arcades and can
be managed by either pneumatic displacement with or without
intravitreal rtPA or PPV. In 1988, De Juan and Machemer were
the first to perform PPV on four patients with AMD and SMH
of 1-week to 1-year duration. All the operations were successful
in removing SMH, but resulted in poor VA outcomes.144

Peyman and colleagues first described the use of subretinal rtPA
(12.5 mg) as an adjuvant to PPV in three patients. They sug-
gested that rtPA could reduce surgical manipulation of the
retina and allow removal of the haemorrhage with smaller

retinotomies. VA improved in one patient and was stabilised in
the other two patients.145 Ibanez et al reported the results of a
comparison between mechanical clot extraction with an extru-
sion cannula or forceps through a retinotomy and tPA-assisted
drainage in 47 patients. No statistically significant differences in
VA outcomes were found, with most patients having a final VA
worse than 20/200.146 When rtPA was injected using a bent
36-gauge needle, and there was no waiting time for intraopera-
tive clot lysis, all 11 eyes had clearance of SMH cleared in all
11 eyes, and 45% of eyes had a postoperative VA of 20/200 or
better. VA improved compared with preoperative vision in 8 of
11 eyes with a mean follow-up of 6.5 months.147 SMH recurred
in 27% of the eyes. The results of the Submacular Surgery Trials
for predominantly haemorrhagic subfoveal CNV secondary to
AMD were released in 2004. PPV was followed by removal of
the entire lesion (including the CNV membrane, blood and scar
tissue), subretinal rtPA at the surgeon’s discretion (rtPA used in
38%; left for 40 min) and air or gas. The authors reported no
benefit of submacular surgery relative to observation with
respect to achieving stable or improved VA. However, they did
report a reduced risk of severe vision loss (loss of ≥6 lines).
Patients receiving surgery had higher rates of retinal detachment
and cataract extraction compared with observation.148

Treating massive SMH is a challenge. The submacular surgery
trials excluded patients with SMH greater than 9 disk areas.148

Oshima et al defined massive haemorrhage as extending to the
periphery and involving at least two quadrants with haemor-
rhagic and bullous retinal detachment. In eight patients, intravi-
treal rtPA was injected 12–24 h prior to PPV, and eyes were
examined for evidence of clot liquefaction followed by PPV.
Heavy liquid was injected to displace haemorrhage through the
retinotomies into the vitreous cavity for removal. The vitreous
cavity was filled with perfluoropropane and the patient was
instructed to remain face down for at least 24 h. Improvement
in VA was seen in seven of eight patients and recurrence of SRH
in one patient after 14 months.149

In a study with similar conditions, Fine et al examined 15
eyes that had undergone 20-gauge PPV and subretinal rtPA
(25 mg) with a 39-gauge needle for 30–45 min. Four of the 15
patients had an inferior 180°–360° retinotomy during the
primary procedure with excision of the clot with vitrectom or
fragmatom. Patients received either long-acting gas (n=12) or
silicone oil (n=3), and were positioned semiprone after the
operation for 2 weeks. Nine of the 15 patients required other
surgical interventions. Although the improvement in VA at
1 year was modest, the authors stated that it was favourable
compared with the natural history.150 Complications associated
with vitrectomy include retinal detachment, proliferative vitreor-
etinopathy, epiretinal membrane, RPE tear, progression of cata-
ract, vitreous haemorrhage, creation of a macular hole, and
recurrence of SMH.148

As the use of anti-VEGF drugs for neovascular AMD is well
established, their use combined with PPV and subretinal rtPA
has also been investigated. Treumer et al injected bevacizumab
into the subretinal space of 12 patients followed by PPV and
subretinal rtPA (10–20 mg). Air-fluid exchange was performed
and patients were positioned prone for 1 day. Displacement of
SMH was achieved in 75% of patients and mean improvement
of VA was logMAR 0.96 at 12 weeks.151 Arias et al reported
results of PPV with intravitreal bevacizumab in 15 eyes.
Subretinal rTPA was injected for thick SMH and intravitreal
rTPA for thin SMH (at the end of surgery). They reported that
all patients had improved VA at final follow-up.152
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Recommendation
As there is no consensus on the optimal treatment, and data
from studies often conflict, no general recommendation can be
given for the treatment of haemorrhagic AMD. A classification
of SMH based on size appears practical. Pneumatic replacement
may be useful in small haemorrhages, while medium-sized clots
may require a surgical approach including vitrectomy. Massive
haemorrhage has a genuinely unfavourable prognosis. Attention
should be given to the fellow eye to prevent active disease, and
a haemorrhagic event in the eye that sees better. Evidence levels
are generally low with levels II–III.

Author affiliations
1Department of Ophthalmology, Medical University, Vienna, Austria
2Oxford Eye Hospital, Oxford University Hospitals, Oxford, UK
3Department of Ophthalmology, Tel Aviv Medical Center, Tel Aviv, Israel
4Department of Ophthalmology, Glostrup Hospital and University of Copenhagen,
Copenhagen, Denmark
5Hôpital Intercommunal de Créteil, Paris, France
6Medical Retina Unit and Ocular Angiogenesis Group, Department Of
Ophthalmology, Academic Medical Center, Amsterdam, The Netherlands
7Department of Ophthalmology, Hacettepe University, School of Medicine, Ankara,
Turkey
8Centro Médico TEKNON, Director Institut de la Màcula i de la Retina, Barcelona,
Spain
9Department of Ophthalmology, University Medical Center Hamburg-Eppendorf,
Hamburg, Germany
10Department of Ophthalmology, University Vita-Salute; Scientific Institute San
Raffaele, Milano, Italy

Acknowledgements The authors thank Andreas Pollreisz, MD for critical review
and preparation of the manuscript.

Contributors Concept and design of the article (US-E, GR); drafting of manuscript
(US-E, VC, AL, ML, ES, RS, BE, JM, FB); critical review and revision of article (US-E,
VC, AL, ML, ES, RS, BE, JM, GR, FB).

Competing interests Alcon Laboratories. (US-E, VC, AL, ML, ES, RS, BE, JM, GR,
FB); Bayer Healthcare (US-E, VC, AL, ML, ES, RS, BE, JM, GR, FB); Novartis (US-E,
VC, AL, ML, ES, RS, BE, JM, GR, FB); Boehringer (US-E); Allergan (FB).

Ethics approval All studies referred to in this review article have properly
undergone ethics approval procedures.

Provenance and peer review Not commissioned; externally peer reviewed.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

REFERENCES
1 Smith W, Assink J, Klein R, et al. Risk factors for age-related macular

degeneration: pooled findings from three continents. Ophthalmology
2001;108:697–704.

2 Kawasaki R, Yasuda M, Song SJ, et al. The prevalence of age-related macular
degeneration in Asians: a systematic review and meta-analysis. Ophthalmology
2010;117:921–7.

3 Friedman DS, O’Colmain BJ, Munoz B, et al. Prevalence of age-related macular
degeneration in the United States. Arch Ophthalmol 2004;122:564–72.

4 Seddon JM, Willett WC, Speizer FE, et al. A prospective study of cigarette
smoking and age-related macular degeneration in women. JAMA 1996;276:
1141–6.

5 Seddon JM, Cote J, Davis N, et al. Progression of age-related macular
degeneration: association with body mass index, waist circumference, and
waist-hip ratio. Arch Ophthalmol 2003;121:785–92.

6 Klein R, Li X, Kuo JZ, et al. Associations of candidate genes to age-related
macular degeneration among racial/ethnic groups in the multi-ethnic study of
atherosclerosis. Am J Ophthalmol 2013;156:1010–20 e1.

7 Gemmy Cheung CM, Li X, Cheng CY, et al. Prevalence and risk factors for
age-related macular degeneration in Indians: a comparative study in Singapore and
India. Am J Ophthalmol 2013;155:764–73, 73 e1–3.

8 Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability (YLDs) for 1160
sequelae of 289 diseases and injuries 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012;380:2163–96.

9 Miskala PH, Bass EB, Bressler NM, et al. Surgery for subfoveal choroidal
neovascularization in age-related macular degeneration: quality-of-life findings: SST
report no. 12. Ophthalmology 2004;111:1981–92.

10 Spilsbury K, Garrett KL, Shen WY, et al. Overexpression of vascular endothelial
growth factor (VEGF) in the retinal pigment epithelium leads to the development
of choroidal neovascularization. Am J Pathol 2000;157:135–44.

11 Krzystolik MG, Afshari MA, Adamis AP, et al. Prevention of experimental choroidal
neovascularization with intravitreal anti-vascular endothelial growth factor antibody
fragment. Arch Ophthalmol 2002;120:338–46.

12 Ferrara N, Mass RD, Campa C, et al. Targeting VEGF-A to treat cancer and
age-related macular degeneration. Annu Rev Med 2007;58:491–504.

13 Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for neovascular age-related
macular degeneration. N Engl J Med 2006;355:1419–31.

14 Brown DM, Kaiser PK, Michels M, et al. Ranibizumab versus verteporfin for
neovascular age-related macular degeneration. N Engl J Med 2006;355:
1432–44.

15 Rein DB, Wittenborn JS, Zhang X, et al. Forecasting age-related macular
degeneration through the year 2050: the potential impact of new treatments. Arch
Ophthalmol 2009;127:533–40.

16 Chang TS, Bressler NM, Fine JT, et al. Improved vision-related function after
ranibizumab treatment of neovascular age-related macular degeneration: results of
a randomized clinical trial. Arch Ophthalmol 2007;125:1460–9.

17 Campbell JP, Bressler SB, Bressler NM. Impact of availability of anti-vascular
endothelial growth factor therapy on visual impairment and blindness due to
neovascular age-related macular degeneration. Arch Ophthalmol 2012;130:794–5.

18 Frennesson C, Nilsson UL, Peebo BB, et al. Significant improvements in near
vision, reading speed, central visual field and related quality of life after
ranibizumab treatment of wet age-related macular degeneration. Acta Ophthalmol
2010;88:420–5.

19 Bloch SB, Larsen M, Munch IC. Incidence of legal blindness from age-related
macular degeneration in denmark: year 2000 to 2010. Am J Ophthalmol
2012;153:209–13 e2.

20 van der Reis MI, La Heij EC, De Jong-Hesse Y, et al. A systematic review of the
adverse events of intravitreal anti-vascular endothelial growth factor injections.
Retina 2011;31:1449–69.

21 Day S, Acquah K, Lee PP, et al. Medicare costs for neovascular age-related
macular degeneration, 1994–2007. Am J Ophthalmol 2011;152:1014–20.

22 Hawkes N. Avastin is as effective as Lucentis for wet AMD and could save NHS
84 m pound a year, study shows. BMJ 2012;344:e3275.

23 Holekamp NM, Liu Y, Yeh WS, et al. Clinical utilization of anti-VEGF agents and
disease monitoring in neovascular age-related macular degeneration. Am J
Ophthalmol 2014;157:825–33 e1.

24 Krause L, Yousif T, Pohl K. An epidemiological study of neovascular age-related
macular degeneration in Germany. Curr Med Res Opin 2013;29:1391–7.

25 Rofagha S, Bhisitkul RB, Boyer DS, et al. Seven-year outcomes in
ranibizumab-treated patients in ANCHOR, MARINA, and HORIZON: a multicenter
cohort study (SEVEN-UP). Ophthalmology 2013;120:2292–9.

26 Do DV. Detection of new-onset choroidal neovascularization. Curr Opin
Ophthalmol 2013;24:244–7.

27 Chew EY, Clemons TE, Bressler SB, et al. Randomized trial of a home monitoring
system for early detection of choroidal neovascularization home monitoring of the
Eye (HOME) study. Ophthalmology 2014;121:535–44.

28 Segal O, Ferencz JR, Cohen P, et al. Persistent elevation of intraocular pressure
following intravitreal injection of bevacizumab. Isr Med Assoc J 2013;15:352–5.

29 Bakri SJ, Moshfeghi DM, Francom S, et al. Intraocular pressure in eyes receiving
monthly ranibizumab in 2 pivotal age-related macular degeneration clinical trials.
Ophthalmology 2014;121:1102–8.

30 Gess AJ, Fung AE, Rodriguez JG. Imaging in neovascular age-related macular
degeneration. Semin Ophthalmol 2011;26:225–33.

31 Ha SO, Kim DY, Sohn CH, et al. Anaphylaxis caused by intravenous fluorescein:
clinical characteristics and review of literature. Intern Emerg Med 2014;9:325–30.

32 Ying GS, Huang J, Maguire MG, et al. Baseline predictors for one-year visual
outcomes with ranibizumab or bevacizumab for neovascular age-related macular
degeneration. Ophthalmology 2013;120:122–9.

33 Tran TH, Querques G, Forzy G, et al. Angiographic regression patterns after
intravitreal ranibizumab injections for neovascular age-related macular
degeneration. Ophthalmic Surg Lasers Imaging 2011;42:498–508.

34 Rosenfeld PJ, Shapiro H, Tuomi L, et al. Characteristics of patients losing vision
after 2 years of monthly dosing in the phase III ranibizumab clinical trials.
Ophthalmology 2011;118:523–30.

35 Koh AH, Chen LJ, Chen SJ, et al. Polypoidal choroidal vasculopathy:
evidence-based guidelines for clinical diagnosis and treatment. Retina
2013;33:686–716.

36 Parravano M, Pilotto E, Musicco I, et al. Reproducibility of fluorescein and
indocyanine green angiographic assessment for RAP diagnosis: a multicenter
study. Eur J Ophthalmol 2012;22:598–606.

37 Yannuzzi LA, Negrao S, Iida T, et al. Retinal angiomatous proliferation in
age-related macular degeneration. Retina 2012;32(Suppl 1):416–34.

1164 Schmidt-Erfurth U, et al. Br J Ophthalmol 2014;98:1144–1167. doi:10.1136/bjophthalmol-2014-305702

Review

group.bmj.com on October 1, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://bjo.bmj.com/
http://group.bmj.com


38 Khurana RN, Dupas B, Bressler NM. Agreement of time-domain and
spectral-domain optical coherence tomography with fluorescein leakage from
choroidal neovascularization. Ophthalmology 2010;117:1376–80.

39 Malamos P, Sacu S, Georgopoulos M, et al. Correlation of high-definition optical
coherence tomography and fluorescein angiography imaging in neovascular
macular degeneration. Invest Ophthalmol Vis Sci 2009;50:4926–33.

40 Sadda SR, Liakopoulos S, Keane PA, et al. Relationship between angiographic and
optical coherence tomographic (OCT) parameters for quantifying choroidal
neovascular lesions. Graefes Arch Clin Exp Ophthalmol 2010;248:175–84.

41 Mathew R, Pefkianaki M, Kopsachilis N, et al. Correlation of fundus fluorescein
angiography and spectral-domain optical coherence tomography in identification of
membrane subtypes in neovascular age-related macular degeneration.
Ophthalmologica 2014;231:153–9.

42 Sander B. Optical coherence tomography in ophthalmology: an overview. Acta
Ophthalmol 2009;87:245–6.

43 Keane PA, Patel PJ, Liakopoulos S, et al. Evaluation of age-related macular
degeneration with optical coherence tomography. Surv Ophthalmol
2012;57:389–414.

44 Giani A, Pellegrini M, Invernizzi A, et al. Aligning scan locations from consecutive
spectral-domain optical coherence tomography examinations: a comparison among
different strategies. Invest Ophthalmol Vis Sci 2012;53:7637–43.

45 Choma M, Sarunic M, Yang C, et al. Sensitivity advantage of swept source
and Fourier domain optical coherence tomography. Opt Express 2003;11:
2183–9.

46 Coscas F, Querques G, Forte R, et al. Combined fluorescein angiography and
spectral-domain optical coherence tomography imaging of classic choroidal
neovascularization secondary to age-related macular degeneration before and after
intravitreal ranibizumab injections. Retina 2012;32:1069–76.

47 Querques G, Atmani K, Berboucha E, et al. Angiographic analysis of
retinal-choroidal anastomosis by confocal scanning laser ophthalmoscopy
technology and corresponding (eye-tracked) spectral-domain optical coherence
tomography. Retina 2010;30:222–34.

48 Fung AE, Lalwani GA, Rosenfeld PJ, et al. An optical coherence
tomography-guided, variable dosing regimen with intravitreal ranibizumab
(Lucentis) for neovascular age-related macular degeneration. Am J Ophthalmol
2007;143:566–83.

49 Holz FG, Amoaku W, Donate J, et al. Safety and efficacy of a flexible dosing
regimen of ranibizumab in neovascular age-related macular degeneration: the
SUSTAIN study. Ophthalmology 2011;118:663–71.

50 Schmidt-Erfurth U, Eldem B, Guymer R, et al. Efficacy and safety of monthly versus
quarterly ranibizumab treatment in neovascular age-related macular degeneration:
the EXCITE study. Ophthalmology 2011;118:831–9.

51 Patel PJ, Tufail A. Optimizing individualized therapy with bevacizumab for
neovascular age-related macular degeneration. Retina 2012. Published Online
First. doi:10.1097/IAE.0b013e31823f0ba3

52 Kiss CG, Geitzenauer W, Simader C, et al. Evaluation of ranibizumab-induced
changes in high-resolution optical coherence tomographic retinal morphology and
their impact on visual function. Invest Ophthalmol Vis Sci 2009;50:2376–83.

53 Simader C, Ritter M, Bolz M, et al. Morphologic parameters relevant for visual
outcome during anti-angiogenic therapy of neovascular age-related macular
degeneration. Ophthalmology 2014;121:1237–45.

54 Martin DF, Maguire MG, Fine SL, et al. Ranibizumab and bevacizumab for
treatment of neovascular age-related macular degeneration: two-year results.
Ophthalmology 2012;119:1388–98.

55 Busbee BG, Ho AC, Brown DM, et al. Twelve-month efficacy and safety of 0.5 mg
or 2.0 mg ranibizumab in patients with subfoveal neovascular age-related macular
degeneration. Ophthalmology 2013;120:1046–56.

56 Schmidt-Erfurth U, Waldstein S, Deak GG, et al. A paradigm shift in the
management of age-related macular degeneration: The role of biomarkers in
antiangiogenic therapy. 2014.

57 Keane PA, Liakopoulos S, Ongchin SC, et al. Quantitative subanalysis of optical
coherence tomography after treatment with ranibizumab for neovascular
age-related macular degeneration. Invest Ophthalmol Vis Sci 2008;49:3115–20.

58 Kashani AH, Keane PA, Dustin L, et al. Quantitative subanalysis of cystoid spaces
and outer nuclear layer using optical coherence tomography in age-related macular
degeneration. Invest Ophthalmol Vis Sci 2009;50:3366–73.

59 Golbaz I, Ahlers C, Stock G, et al. Quantification of the therapeutic response of
intraretinal, subretinal, and subpigment epithelial compartments in exudative AMD
during anti-VEGF therapy. Invest Ophthalmol Vis Sci 2011;52:1599–605.

60 Querques G, Forte R, Berboucha E, et al. Spectral-domain versus time domain
optical coherence tomography before and after ranibizumab for age-related
macular degeneration. Ophthalmic Res 2011;46:152–9.

61 Amissah-Arthur KN, Panneerselvam S, Narendran N, et al. Optical coherence
tomography changes before the development of choroidal neovascularization in
second eyes of patients with bilateral wet macular degeneration. Eye (Lond)
2012;26:394–9.

62 Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its receptors. Nat Med
2003;9:669–76.

63 Moshfeghi AA, Puliafito CA. Pegaptanib sodium for the treatment of neovascular
age-related macular degeneration. Expert Opin Investig Drugs 2005;14:671–82.

64 Gragoudas ES, Adamis AP, Cunningham ET Jr, et al. Pegaptanib for neovascular
age-related macular degeneration. N Engl J Med 2004;351:2805–16.

65 Chakravarthy U, Adamis AP, Cunningham ET Jr, et al. Year 2 efficacy results of 2
randomized controlled clinical trials of pegaptanib for neovascular age-related
macular degeneration. Ophthalmology 2006;113:1508 e1–25.

66 Schmidt-Erfurth UM, Richard G, Augustin A, et al. Guidance for the treatment of
neovascular age-related macular degeneration. Acta Ophthalmol Scand
2007;85:486–94.

67 Chen Y, Wiesmann C, Fuh G, et al. Selection and analysis of an optimized
anti-VEGF antibody: crystal structure of an affinity-matured Fab in complex with
antigen. J Mol Biol 1999;293:865–81.

68 Husain D, Kim I, Gauthier D, et al. Safety and efficacy of intravitreal injection of
ranibizumab in combination with verteporfin PDT on experimental choroidal
neovascularization in the monkey. Arch Ophthalmol 2005;123:509–16.

69 Gaudreault J, Fei D, Rusit J, et al. Preclinical pharmacokinetics of Ranibizumab
(rhuFabV2) after a single intravitreal administration. Invest Ophthalmol Vis Sci
2005;46:726–33.

70 Zayit-Soudry S, Zemel E, Loewenstein A, et al. Safety evaluation of repeated
intravitreal injections of bevacizumab and ranibizumab in rabbit eyes. Retina
2010;30:671–81.

71 Brown DM, Michels M, Kaiser PK, et al. Ranibizumab versus verteporfin
photodynamic therapy for neovascular age-related macular degeneration: two-year
results of the ANCHOR study. Ophthalmology 2009;116:57–65 e5.

72 Bressler NM, Chang TS, Suner IJ, et al. Vision-related function after ranibizumab
treatment by better- or worse-seeing eye: clinical trial results from MARINA and
ANCHOR. Ophthalmology 2010;117:747–56 e4.

73 Regillo CD, Brown DM, Abraham P, et al. Randomized, double-masked,
sham-controlled trial of ranibizumab for neovascular age-related macular
degeneration: PIER Study year 1. Am J Ophthalmol 2008;145:239–48.

74 Chakravarthy U, Harding SP, Rogers CA, et al. Ranibizumab versus bevacizumab
to treat neovascular age-related macular degeneration: one-year findings from the
IVAN randomized trial. Ophthalmology 2012;119:1399–411.

75 Silva R, Axer-Siegel R, Eldem B, et al. The SECURE study: long-term safety of
ranibizumab 0.5 mg in neovascular age-related macular degeneration.
Ophthalmology 2013;120:130–9.

76 Singer MA, Awh CC, Sadda S, et al. HORIZON: an open-label extension trial of
ranibizumab for choroidal neovascularization secondary to age-related macular
degeneration. Ophthalmology 2012;119:1175–83.

77 Heier JS, Boyer DS, Ciulla TA, et al. Ranibizumab combined with verteporfin
photodynamic therapy in neovascular age-related macular degeneration: year 1
results of the FOCUS Study. Arch Ophthalmol 2006;124:1532–42.

78 Abedi F, Wickremasinghe S, Islam AF, et al. Anti-VEGF treatment in neovascular
age-related macular degeneration: a Treat-and-Extend Protocol Over 2 Years.
Retina 2014;34:1531–8.

79 Cilley JC, Barfi K, Benson AB III, et al. Bevacizumab in the treatment of colorectal
cancer. Expert Opin Biol Ther 2007;7:739–49.

80 Stefanadis C, Synetos A, Tousoulis D, et al. Systemic administration of
bevacizumab increases the risk of cardiovascular events in patients with metastatic
cancer. Int J Cardiol 2012;154:341–4.

81 Stewart MW, Rosenfeld PJ, Penha FM, et al. Pharmacokinetic rationale for dosing
every 2 weeks versus 4 weeks with intravitreal ranibizumab, bevacizumab, and
aflibercept (vascular endothelial growth factor Trap-eye). Retina 2012;32:434–57.

82 Matsuyama K, Ogata N, Matsuoka M, et al. Plasma levels of vascular endothelial
growth factor and pigment epithelium-derived factor before and after intravitreal
injection of bevacizumab. Br J Ophthalmol 2010;94:1215–18.

83 Carneiro AM, Costa R, Falcao MS, et al. Vascular endothelial growth factor plasma
levels before and after treatment of neovascular age-related macular degeneration
with bevacizumab or ranibizumab. Acta Ophthalmol 2012;90:e25–30.

84 Zehetner C, Kirchmair R, Huber S, et al. Plasma levels of vascular endothelial
growth factor before and after intravitreal injection of bevacizumab, ranibizumab
and pegaptanib in patients with age-related macular degeneration, and in patients
with diabetic macular oedema. Br J Ophthalmol 2013;97:454–9.

85 Stein JD, Newman-Casey PA, Mrinalini T, et al. Cost-effectiveness of bevacizumab
and ranibizumab for newly diagnosed neovascular macular degeneration.
Ophthalmology 2014;121:936–45.

86 Rosenfeld PJ, Moshfeghi AA, Puliafito CA. Optical coherence tomography findings
after an intravitreal injection of bevacizumab (avastin) for neovascular age-related
macular degeneration. Ophthalmic Surg Lasers Imaging 2005;36:331–5.

87 Avery RL, Pieramici DJ, Rabena MD, et al. Intravitreal bevacizumab (Avastin) for
neovascular age-related macular degeneration. Ophthalmology 2006;113:363–72
e5.

88 Abraham-Marin ML, Cortes-Luna CF, Alvarez-Rivera G, et al. Intravitreal
bevacizumab therapy for neovascular age-related macular degeneration: a pilot
study. Graefes Arch Clin Exp Ophthalmol 2007;245:651–5.

89 Gonzalez S, Rosenfeld PJ, Stewart MW, et al. Avastin doesn’t blind people, people
blind people. Am J Ophthalmol 2012;153:196–203 e1.

Schmidt-Erfurth U, et al. Br J Ophthalmol 2014;98:1144–1167. doi:10.1136/bjophthalmol-2014-305702 1165

Review

group.bmj.com on October 1, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://dx.doi.org/10.1097/IAE.0b013e31823f0ba3
http://bjo.bmj.com/
http://group.bmj.com


90 Moshfeghi AA, Rosenfeld PJ, Flynn HW Jr, et al. Endophthalmitis after intravitreal
vascular [corrected] endothelial growth factor antagonists: a six-year experience at
a university referral center. Retina 2011;31:662–8.

91 Johnson D, Sharma S. Ocular and systemic safety of bevacizumab and ranibizumab
in patients with neovascular age-related macular degeneration. Curr Opin
Ophthalmol 2013;24:205–12.

92 Martin DF, Maguire MG, Ying GS, et al. Ranibizumab and bevacizumab for
neovascular age-related macular degeneration. N Engl J Med
2011;364:1897–908.

93 Chakravarthy U, Harding SP, Rogers CA, et al. Alternative treatments to inhibit
VEGF in age-related choroidal neovascularisation: 2-year findings of the IVAN
randomised controlled trial. Lancet 2013;382:1258–67.

94 Kodjikian L, Souied EH, Mimoun G, et al. Ranibizumab versus bevacizumab for
neovascular age-related macular degeneration: results from the GEFAL
noninferiority randomized trial. Ophthalmology 2013;120:2300–9.

95 Winnik S, Lohmann C, Siciliani G, et al. Systemic VEGF inhibition accelerates
experimental atherosclerosis and disrupts endothelial homeostasis—implications
for cardiovascular safety. Int J Cardiol 2013;168:2453–61.

96 Avery RL. What is the evidence for systemic effects of intravitreal anti-VEGF agents,
and should we be concerned? Br J Ophthalmol 2014;98(Suppl 1):i7–10.

97 Schmucker C, Ehlken C, Agostini HT, et al. A safety review and meta-analyses of
bevacizumab and ranibizumab: off-label versus goldstandard. PLoS ONE 2012;7:
e42701.

98 Jansen RM. The off-label use of medication: the latest on the Avastin—Lucentis
debacle. Med Law 2013;32:65–77.

99 Holash J, Davis S, Papadopoulos N, et al. VEGF-Trap: a VEGF blocker with potent
antitumor effects. Proc Natl Acad Sci USA 2002;99:11393–8.

100 Stewart MW, Rosenfeld PJ. Predicted biological activity of intravitreal VEGF Trap.
Br J Ophthalmol 2008;92:667–8.

101 Stewart MW. What are the half-lives of ranibizumab and aflibercept (VEGF
Trp-eye) in human eyes? Calculations with a mathematical model. Eye Rep
2011;1:e5.

102 Papadopoulos N, Martin J, Ruan Q, et al. Binding and neutralization of vascular
endothelial growth factor (VEGF) and related ligands by VEGF Trap, ranibizumab
and bevacizumab. Angiogenesis 2012;15:171–85.

103 Yu L, Liang XH, Ferrara N. Comparing protein VEGF inhibitors: in vitro biological
studies. Biochem Biophys Res Commun 2011;408:276–81.

104 Saishin Y, Takahashi K, Lima e Silva R, et al. VEGF-TRAP(R1R2) suppresses
choroidal neovascularization and VEGF-induced breakdown of the blood-retinal
barrier. J Cell Physiol 2003;195:241–8.

105 Cao J, Zhao L, Li Y, et al. A subretinal matrigel rat choroidal neovascularization
(CNV) model and inhibition of CNV and associated inflammation and fibrosis by
VEGF trap. Invest Ophthalmol Vis Sci 2010;51:6009–17.

106 Inai T, Mancuso M, Hashizume H, et al. Inhibition of vascular endothelial growth
factor (VEGF) signaling in cancer causes loss of endothelial fenestrations,
regression of tumor vessels, and appearance of basement membrane ghosts. Am J
Pathol 2004;165:35–52.

107 Nguyen QD, Shah SM, Hafiz G, et al. A phase I trial of an IV-administered
vascular endothelial growth factor trap for treatment in patients with choroidal
neovascularization due to age-related macular degeneration. Ophthalmology
2006;113:1522 e1–22 e14.

108 Nguyen QD, Shah SM, Browning DJ, et al. A phase I study of intravitreal vascular
endothelial growth factor trap-eye in patients with neovascular age-related macular
degeneration. Ophthalmology 2009;116:2141–8 e1.

109 Heier JS, Boyer D, Nguyen QD, et al. The 1-year results of CLEAR-IT 2, a phase 2
study of vascular endothelial growth factor trap-eye dosed as-needed after
12-week fixed dosing. Ophthalmology 2011;118:1098–106.

110 Heier JS, Brown DM, Chong V, et al. Intravitreal aflibercept (VEGF trap-eye) in wet
age-related macular degeneration. Ophthalmology 2012;119:2537–48.

111 Schmidt-Erfurth U, Kaiser PK, Korobelnik JF, et al. Intravitreal aflibercept injection
for neovascular age-related macular degeneration: ninety-six-week results of the
VIEW studies. Ophthalmology 2014;121:193–201.

112 Kumar N, Marsiglia M, Mrejen S, et al. Visual and anatomical outcomes of
intravitreal aflibercept in eyes with persistent subfoveal fluid despite previous
treatments with ranibizumab in patients with neovascular age-related macular
degeneration. Retina 2013;33:1605–12.

113 Cho H, Shah CP, Weber M, et al. Aflibercept for exudative AMD with persistent
fluid on ranibizumab and/or bevacizumab. Br J Ophthalmol 2013;97:1032–5.

114 Yonekawa Y, Andreoli C, Miller JB, et al. Conversion to aflibercept for chronic
refractory or recurrent neovascular age-related macular degeneration. Am J
Ophthalmol 2013;156:29–35 e2.

115 Argon laser photocoagulation for neovascular maculopathy. Three-year results from
randomized clinical trials. Macular Photocoagulation Study Group. Arch
Ophthalmol 1986;104:694–701.

116 Argon laser photocoagulation for senile macular degeneration. Results of a
randomized clinical trial. Arch Ophthalmol 1982;100:912–18.

117 Glatt H, Machemer R. Experimental subretinal hemorrhage in rabbits. Am J
Ophthalmol 1982;94:762–73.

118 Coscas G, Soubrane G. [Argon laser photocoagulation of subretinal
neovascularization in senile macular degeneration. Results of a randomized study
of 60 cases]. Bull Mem Soc Fr Ophtalmol 1982;94:149–54.

119 Argon laser photocoagulation for neovascular maculopathy. Five-year results from
randomized clinical trials. Macular Photocoagulation Study Group. Arch
Ophthalmol 1991;109:1109–14.

120 Bennett SR, Folk JC, Blodi CF, et al. Factors prognostic of visual outcome in
patients with subretinal hemorrhage. Am J Ophthalmol 1990;109:33–7.

121 Laser photocoagulation of subfoveal neovascular lesions in age-related macular
degeneration. Results of a randomized clinical trial. Macular Photocoagulation
Study Group. Arch Ophthalmol 1991;109:1220–31.

122 Bressler NM. Photodynamic therapy of subfoveal choroidal neovascularization in
age-related macular degeneration with verteporfin: two-year results of 2
randomized clinical trials-tap report 2. Arch Ophthalmol 2001;119:198–207.

123 Verteporfin in Photodynamic Therapy Study Group. Verteporfin therapy of
subfoveal choroidal neovascularization in age-related macular degeneration:
two-year results of a randomized clinical trial including lesions with occult with no
classic choroidal neovascularization—verteporfin in photodynamic therapy report
2. Am J Ophthalmol 2001;131:541–60.

124 Kaiser PK. Verteporfin PDT for subfoveal occult CNV in AMD: two-year results of a
randomized trial. Curr Med Res Opin 2009;25:1853–60.

125 Kaiser PK, Boyer DS, Cruess AF, et al. Verteporfin plus ranibizumab for choroidal
neovascularization in age-related macular degeneration: twelve-month results of
the DENALI study. Ophthalmology 2012;119:1001–10.

126 Larsen M, Schmidt-Erfurth U, Lanzetta P, et al. Verteporfin plus ranibizumab for
choroidal neovascularization in age-related macular degeneration: twelve-month
MONT BLANC study results. Ophthalmology 2012;119:992–1000.

127 Tozer K, Roller AB, Chong LP, et al. Combination therapy for neovascular
age-related macular degeneration refractory to anti-vascular endothelial growth
factor agents. Ophthalmology 2013;120:2029–34.

128 Dugel PU, Bebchuk JD, Nau J, et al. Epimacular brachytherapy for neovascular
age-related macular degeneration: a randomized, controlled trial (CABERNET).
Ophthalmology 2013;120:317–27.

129 Dugel PU, Petrarca R, Bennett M, et al. Macular epiretinal brachytherapy in treated
age-related macular degeneration: MERITAGE study: twelve-month safety and
efficacy results. Ophthalmology 2012;119:1425–31.

130 Silva RA, Moshfeghi AA, Kaiser PK, et al. Radiation treatment for age-related
macular degeneration. Semin Ophthalmol 2011;26:121–30.

131 Petrarca R, Jackson TL. Radiation therapy for neovascular age-related macular
degeneration. Clin Ophthalmol 2011;5:57–63.

132 Moshfeghi AA, Morales-Canton V, Quiroz-Mercado H, et al. 16 Gy low-voltage
x-ray irradiation followed by as needed ranibizumab therapy for age-related
macular degeneration: 12 month outcomes of a ‘radiation-first’ strategy. Br J
Ophthalmol 2012;96:1320–4.

133 Jackson TL. Radiation for CNV: CABERNET/MERITAGE/INTREPID. 2012.
134 Hochman MA, Seery CM, Zarbin MA. Pathophysiology and management of

subretinal hemorrhage. Surv Ophthalmol 1997;42:195–213.
135 Stifter E, Michels S, Prager F, et al. Intravitreal bevacizumab therapy for

neovascular age-related macular degeneration with large submacular hemorrhage.
Am J Ophthalmol 2007;144:886–92.

136 Avery RL, Fekrat S, Hawkins BS, et al. Natural history of subfoveal subretinal
hemorrhage in age-related macular degeneration. Retina 1996;16:183–9.

137 Kuhli-Hattenbach C, Fischer IB, Schalnus R, et al. Subretinal hemorrhages
associated with age-related macular degeneration in patients receiving
anticoagulation or antiplatelet therapy. Am J Ophthalmol 2010;149:316–21 e1.

138 Shultz RW, Bakri SJ. Treatment for submacular hemorrhage associated with
neovascular age-related macular degeneration. Semin Ophthalmol
2011;26:361–71.

139 Ohji M, Saito Y, Hayashi A, et al. Pneumatic displacement of subretinal
hemorrhage without tissue plasminogen activator. Arch Ophthalmol
1998;116:1326–32.

140 Gopalakrishan M, Giridhar A, Bhat S, et al. Pneumatic displacement of submacular
hemorrhage: safety, efficacy, and patient selection. Retina 2007;27:329–34.

141 Hattenbach LO, Klais C, Koch FH, et al. Intravitreous injection of tissue
plasminogen activator and gas in the treatment of submacular hemorrhage under
various conditions. Ophthalmology 2001;108:1485–92.

142 Hassan AS, Johnson MW, Schneiderman TE, et al. Management of submacular
hemorrhage with intravitreous tissue plasminogen activator injection and
pneumatic displacement. Ophthalmology 1999;106:1900–6; discussion 06–7.

143 Chen CY, Hooper C, Chiu D, et al. Management of submacular hemorrhage with
intravitreal injection of tissue plasminogen activator and expansile gas. Retina
2007;27:321–8.

144 de Juan E Jr, Machemer R. Vitreous surgery for hemorrhagic and fibrous
complications of age-related macular degeneration. Am J Ophthalmol
1988;105:25–9.

145 Peyman GA, Nelson NC Jr, Alturki W, et al. Tissue plasminogen activating
factor assisted removal of subretinal hemorrhage. Ophthalmic Surg 1991;22:
575–82.

1166 Schmidt-Erfurth U, et al. Br J Ophthalmol 2014;98:1144–1167. doi:10.1136/bjophthalmol-2014-305702

Review

group.bmj.com on October 1, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://bjo.bmj.com/
http://group.bmj.com


146 Ibanez HE, Williams DF, Thomas MA, et al. Surgical management of submacular
hemorrhage. A series of 47 consecutive cases. Arch Ophthalmol 1995;113:62–9.

147 Haupert CL, McCuen BW II, Jaffe GJ, et al. Pars plana vitrectomy, subretinal
injection of tissue plasminogen activator, and fluid-gas exchange for displacement
of thick submacular hemorrhage in age-related macular degeneration. Am J
Ophthalmol 2001;131:208–15.

148 Bressler NM, Bressler SB, Childs AL, et al. Surgery for hemorrhagic choroidal
neovascular lesions of age-related macular degeneration: ophthalmic findings: SST
report no. 13. Ophthalmology 2004;111:1993–2006.

149 Oshima Y, Ohji M, Tano Y. Pars plana vitrectomy with peripheral retinotomy after
injection of preoperative intravitreal tissue plasminogen activator: a modified

procedure to drain massive subretinal haemorrhage. Br J Ophthalmol
2007;91:193–8.

150 Fine HF, Iranmanesh R, Del Priore LV, et al. Surgical outcomes after massive
subretinal hemorrhage secondary to age-related macular degeneration. Retina
2010;30:1588–94.

151 Treumer F, Klatt C, Roider J, et al. Subretinal coapplication of recombinant tissue
plasminogen activator and bevacizumab for neovascular age-related macular
degeneration with submacular haemorrhage. Br J Ophthalmol 2010;94:48–53.

152 Arias L, Mones J. Transconjunctival sutureless vitrectomy with tissue plasminogen
activator, gas and intravitreal bevacizumab in the management of predominantly
hemorrhagic age-related macular degeneration. Clin Ophthalmol 2010;4:67–72.

Schmidt-Erfurth U, et al. Br J Ophthalmol 2014;98:1144–1167. doi:10.1136/bjophthalmol-2014-305702 1167

Review

group.bmj.com on October 1, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://bjo.bmj.com/
http://group.bmj.com


Retina Specialists (EURETINA)
degeneration by the European Society of
neovascular age-related macular 
Guidelines for the management of

Richard and Francesco Bandello
Eric Souied, Reinier Schlingemann, Bora Eldem, Jordi Monés, Gisbert 
Ursula Schmidt-Erfurth, Victor Chong, Anat Loewenstein, Michael Larsen,

doi: 10.1136/bjophthalmol-2014-305702
2014 98: 1144-1167 Br J Ophthalmol 

 http://bjo.bmj.com/content/98/9/1144
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://bjo.bmj.com/content/98/9/1144

This article cites 147 articles, 18 of which you can access for free at: 

Open Access

http://creativecommons.org/licenses/by-nc/3.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 3.0) license, which 
This is an Open Access article distributed in accordance with the Creative

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (479)Public health
 (1608)Retina

 (264)Open access

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on October 1, 2017 - Published by http://bjo.bmj.com/Downloaded from 

http://bjo.bmj.com/content/98/9/1144
http://bjo.bmj.com/content/98/9/1144#BIBL
http://creativecommons.org/licenses/by-nc/3.0/
http://bjo.bmj.com//cgi/collection/unlocked
http://bjo.bmj.com//cgi/collection/retina
http://bjo.bmj.com//cgi/collection/public_health
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com

