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Abstract
Background To report the efficacy of intravitreal injection
of ranibizumab (Lucentis) in the treatment of retinal
angiomatous proliferation (RAP) in neovascular age-related
macular degeneration (AMD).
Methods Case review of four consecutive patients who
received 3 injections at monthly intervals of intravitreal
ranibizumab injections for RAP. The serial changes in best-
corrected visual acuity (BCVA), optical coherence tomogra-
phy (OCT), fluorescein angiography (FA), and indocyanine
green angiography (ICGA) are presented.
Results The baseline mean logMAR BCVA was 0.89
(Snellen equivalent of 20/155). After three injections of
ranibizumab, all four patients had visual improvement and
the mean logMAR BCVA improved to 0.59 (Snellen equiv-
alent of 20/78). The mean visual improvement was 3.0 lines.
All patients also had complete resolution of subretinal fluid
after treatment, and the mean OCT central foveal thickness
reduced from 438 μm at baseline to 169 μm at 3 months.
Follow-up FA and ICGA at 3 months showed absence of
leakage in three patients with minimal leakage in the remain-
ing patient. One patient had recurrence of RAP at 8 months
after commencement of treatment, and repeat ranibizumab
injection resulted in resolution of the subretinal fluid and
pigment epithelial detachment and visual improvement.
Conclusions Intravitreal ranibizumab injections appeared to
be an effective treatment for RAP, resulting in visual gain
and reduction in macular thickness. Further long-term studies

to evaluate the efficacy of intravitreal ranibizumab in RAP
are warranted.
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Introduction

Retinal angiomatous proliferation (RAP) is a distinctive form
of neovascular age-related macular degeneration (AMD) in
which new vessels originate from the middle and inner retina
instead of arising from the choroidal circulation as in
choroidal neovascularization [4, 10]. These neovasculariza-
tions may eventually grow into the choroidal layer, forming
retinal–choroidal anastomosis [10]. The treatment outcomes
of AMD patients with RAP lesions are generally less
favourable than for those without RAP lesions [1]. Various
treatment modalities including direct laser photocoagulation,
surgical removal, and photodynamic therapy (PDT) with
verteporfin (with or without intravitreal triamcinolone) have
been used in the treatment of RAP [1, 2, 6]. However, the
results were discouraging as most patients still developed
visual loss despite treatment [1, 2, 6]. More recently,
intravitreal administration of anti-vascular endothelial growth
factor (VEGF) agents such as bevacizumab has also been
used for treating RAP, and the results appeared favourable
[7, 8]. We hereby report the outcomes of four patients who
received intravitreal ranibizumab injections for RAP.

Material and methods

Four patients who received intravitreal ranibizumab injec-
tions for the treatment of RAP at the Department of
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Ophthalmology & Visual Sciences, The Chinese University
of Hong Kong were retrospectively reviewed. Diagnosis of
RAP was made based on fundus examination, fluorescein
angiography (FA) and indocyanine green angiography
(ICGA) findings, and classified according to the classification
by Yannuzzi et al. [4, 10]. Best-corrected visual acuity
(BCVA) was assessed using logMAR chart at 4 m, and
optical coherence tomography (OCT) was performed using
the Stratus OCT (Carl Zeiss Meditec, Dublin, CA, USA) and
the central foveal thickness (CFT) was measured using the
retinal thickness mode at the fovea. After informed consent
was obtained, all patients underwent three intravitreal
injections of 0.05 ml of 0.5 mg ranibizumab (Lucentis,
Novartis, Switzerland) at baseline, 1 and 2 months. Injection
of ranibizumab was performed as an out-patient procedure
under topical anaesthesia with strict aseptic technique at
4 mm posterior to the limbus. Patients were given topical
levofloxacin (Cravit, Santen, Osaka, Japan) antibiotic eye
drops qid for 1 week after each injection. BCVA and OCT
assessments were performed at monthly intervals, and repeat
FA and ICGA were performed at 3 months to assess the
treatment outcome. Retreatment was planned for cases with
persistent leakage on FA or ICGA or residual subretinal fluid
on OCT.

Results

The demographics data and the serial changes in logMAR
BCVA and OCT CFT of the patients are listed in Table 1.
The mean age of the patients was 81.0 years, and patients
were followed for 5 to 10 months. None of the patients had
received any previous treatment for RAP. At baseline, the
mean logMAR BCVA was 0.89 (Snellen equivalent of
20/155). After a single injection of ranibizumab, the mean
logMAR BCVA improved to 0.74 (Snellen equivalent of
20/110). At 3 months, the mean logMAR BCVA further
improved to 0.59 (Snellen equivalent of 20/78). The mean
lines of BCVA improvement at 3 months was 3.0 lines.

For the macular thickness, the mean OCT CFT at baseline
was 438 μm. All four patients had marked reduction in
subretinal fluid at 1 month following the first intravitreal
ranibizumab injection, and the mean OCT CFT reduced to
193 μm at 1 month. Pigment epithelial detachments (PED)
were present in two patients at baseline, and there was
complete resolution of the PED after the first intravitreal
ranibizumab injection. At 3 months, all patients had com-
plete absence of subretinal fluid, and the mean OCT CFT
reduced to 169 μm.

FA and ICGA performed at 3 months showed absence of
angiographic leakage in three patients, and one patient
(no. 4) had minimal persistent leakage in FA. She requested
a second course of three ranibizumab injections to prevent
potential worsening of the vision, and additional treatments T
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resulted in further reduction in CFT and stable vision.
Another patient (no. 1) had recurrence of RAP at 8 months
with PED and subretinal fluid accumulation, and the
logMAR BCVA reduced to 0.40. She underwent further
ranibizumab injection, which resulted in BCVA improve-
ment to 0.24 and complete regression of the PED and
subretinal fluid 1 month after retreatment. None of the
patients developed any ocular including retinal pigment
epithelial atrophy and systemic complications associated
with ranibizumab injections. An example of the changes in
FA and OCT findings is displayed in Fig. 1.

Discussion

Despite two large-scale randomized controlled trials,
ANCHOR and MARINA, demonstrating that ranibizumab
is effective in the treatment of neovascular AMD [3, 9], it
was uncertain whether ranibizumab is effective in the
treatment of neovascular AMD with RAP lesions due to
its poorer natural history. Based on the results in the use of
intravitreal bevacizumab for RAP [7, 8], ranibizumab
should also be effective for RAP lesions, since both drugs
are potent anti-VEGF agents and increased VEGF expres-

Fig. 1 a Left eye fundus photo,
(b) early and (c) late phase
fluorescein angiography of pa-
tient no. 1 prior to ranibizumab
treatment demonstrating two
retinal angiomatous proliferation
(RAP) lesions with active leak-
age. d Optical coherence to-
mography (OCT) at baseline,
showing subretinal fluid with
adjacent pigment epithelial de-
tachment. The patient’s logMAR
visual acuity was 0.4 (20/50). e
Fundus photo, (f) early and (g)
late phase fluorescein angiogra-
phy of the patient 1 month after
the third ranibizumab injection,
showing absence of leakage
with regression of the RAP
lesions. h OCT showed com-
plete resolution of the pigment
epithelial detachment and sub-
retinal fluid. The patient’s log-
MAR visual acuity improved to
0.06 (20/23)
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sion has been implicated as a cause of RAP [10]. In the
PrONTO study [5], Fung et al. reported that ten of the 40
patients had RAP lesions, and they required a higher mean
number of ranibizumab treatments compared with patients
with non-RAP lesions. However, the visual acuity and OCT
outcomes of patients with RAP lesions were not reported
separately, and therefore it remained unclear how effective
ranibizumab was in the treatment of RAP.

As demonstrated in our small case series, all four patients
had BCVA improvement as well as resolution of subretinal
fluid on OCTexamination following ranibizumab injections.
These findings are consistent with previous studies using
bevacizumab for RAP which resulted in significant visual
improvement and reduction in central macular thickness
following treatment [7, 8]. The results in the use of anti-
VEGF therapy for RAP lesions are encouraging, since other
treatment modalities were unable to achieve such an extent
of visual gain. In addition, PDT with verteporfin might
potentially result in visual loss due to retinal damage caused
by intraretinal activation of the photosensitizing drug
[6, 10]. Therefore, anti-VEGF therapy might be the
treatment of choice in RAP.

One patient in our series developed recurrence of RAP at
8 months after commencement of treatment, and the patient
responded well to ranibizumab retreatment. Due to the short
duration of follow-up, it remained uncertain whether
additional ranibizumab treatments are required in other
patients due to recurrence of the RAP lesions. Nonetheless,
based on the encouraging results observed in our cases,
ranibizumab appeared to be a highly effective treatment
option for neovascular AMD with RAP. Further prospective
studies are being carried out to evaluate the efficacy of
ranibizumab in the treatment of RAP.
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