How RAP and PCV Can Affect
the Management of AMD
Advanced disease forms pose special challenges.
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P

olypoidal choroidal vasculopathy (PCV) and retinal angiomatous proliferation (RAP) are generally thought to be peculiar subtypes of exudative
age-related macular degeneration. However, the
treatment for the disease activity and the methods
of medical follow-up are somewhat different from those for
typical AMD. In this review, the proper diagnosis and management of PCV and RAP are summarized.

DEFINITIVE DIAGNOSIS OF PCV

PCV (Figure 1) was a subtype first reported by Yannuzzi
and associates in 1990 as characteristic orange-reddish polypoidal lesions beneath the retinal pigment epithelium.1 Its
clinical manifestation includes multiple, recurrent, serosanguineous retinal pigment epithelial detachment (PED) and
the detachment of neurosensory retina secondary to leakage
and bleeding from the abnormal vascular lesions. Although
more than 20 years have passed since the introduction of
this macular disease, there is still controversy over whether
typical AMD and PCV are the same or different diseases.2
The diagnosis of PCV is based on the orange-reddish
polypoidal lesions on funduscopy or on the polypoidal dilatations of choroidal vessels at the terminals of the branching choroidal vascular networks (BVNs) on indocyanine
green angiography.3
Attention should be paid, because on fundus examination, some PCV lesions demonstrate serous retinal detachTetsuya Yamagishi, MD, PhD, serves on the faculty of the Department
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ment, which mimics central serous chorioretinopathy
without noticeable choroidal vascular lesion.4 Therefore,
retinal physicians now have the impression in common that
the definitive diagnosis of PCV depends on ICG angiography in the “real world.”

Retinal physicians now
have the impression
that the definitive
diagnosis of PCV depends
on ICG angiography
in the real world.
The advent of optical coherence tomography was an
epochal event that changed the diagnosis of retinochoroidal disorders drastically over the last decade. As with the
vascular lesions of PCV, OCT revealed the anterior sharp
protrusion of the RPE corresponding to the polypoidal
lesion5,6 and the double reflective layers called the “doublelayer sign,” corresponding to the BVN.7
Recently, the high sensitivity and specificity of spectral-domain OCT in detecting the polypoidal lesion of
PCV were reported.8 Hence, in this “SD-OCT or sweptsource OCT” era, physicians should make a definitive
diagnosis of PCV based on ICG angiography or, if not
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Figure 1. Typical case of polypoidal choroidal vasculopathy. A) Color fundus photography. B) Indocyanine angiography
image. Polypoidal lesions and branching vascular network (BVN) are visualized. C) OCT image of horizontal section. Sharp
protrusion of RPE corresponding to polypoidal lesion and “double layer sign” at BVN are the peculiar findings of PCV.

possible, on the careful monitoring of macular crosssectional images obtained by the three-dimensional scan
protocol of OCT.
Fundus autofluorescence (FAF) is a novel noninvasive
imaging modality that reflects the integrity and the metabolic state of the RPE layer. On FAF, the polypoidal lesion
and BVN of PCV show a peculiar hypoautofluorescent pattern when compared with typical AMD with type 1 CNV.9
These autofluorescent findings will be helpful in diagnosing
PCV with greater accuracy.

TREATMENT OF PCV

Currently, an intravitreal anti-VEGF injection, such as bevacizumab (Avastin, Genentech, South San Francisco, CA),
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ranibizumab (Lucentis, Genentech), or aflibercept (Eylea,
Regeneron, Tarrytown, NY), as well as photodynamic
therapy using verteporfin (Visudyne, Bausch + Lomb,
Rochester, NY), constitute the main treatments for exudative AMD, including PCV and RAP.
PDT had been the mainstay in the treatment of PCV
until the rise of anti-VEGF agents. In 2008, Gomi and associates reported10 the efficacy of PDT for PCV and typical
AMD, which were diagnosed based on ICG angiography.
The authors stated that PDT might be more beneficial
for PCV than for typical AMD in terms of visual improvement and disappearance of leakage on fluorescein angiography. In addition, PDT demonstrated a high resolution
rate of polypoidal lesions in more than 80% of the eyes.
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Figure 2. Typical case of retinal angiomatous proliferation (RAP, stage 3). A) Color fundus photography. B) Fluoroscein angiograph image, early phase. Retinal-retinal anastomosis is visible. C) ICG angiography image, late phase. Hyperfluorescent
lesion called “hot spot” is apparent. D) OCT image of vertical section. Cystoid macular edema and retinal pigment epithelial
detachment (PED) imply the retinochoroidal anastomosis.

However, the possibility of hemorrhagic complications that
might cause severe vision loss was concerning.11
The same researchers reported the efficacy of the intravitreal bevacizumab (IVB) as monotherapy for PCV,12 and
they concluded that IVB may reduce the exudative changes
but seemed to be ineffective for diminishing polypoidal
lesions. At that time, PDT was thought to be more effective
than IVB. A report on the efficacy of IVB combined with
PDT in comparison with PDT monotherapy revealed that
the combination therapy significantly reduced PDT-related
hemorrhagic complication.13

Newer Anti-VEGF Agents

After ranibizumab was introduced, many reports of the
efficacy of intravitreal ranibizumab injection (IVR) monotherapy for PCV were published. Hikichi and associates
reported that IVR monotherapy obtained favorable results
in visual improvement and a moderate resolution rate of
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polypoidal lesions.14
The EVEREST study in Asian countries was planned to
determine the best treatment for PCV among IVR, PDT,
or a combination of IVR and PDT.15 This study demonstrated that PDT was more effective than IVR with respect
to the regression rate of polypoidal lesions, but the visual
improvements between these two treatments were not significantly different.
The randomized, multi-institutional LAPTOP study
over 12 and 24 months elucidated that IVR was superior to
PDT with respect to both visual improvement and reduction of exudative changes.16,17
The authors speculated that continuous IVR monotherapy in comparison with PDT monotherapy could prevent
further visual loss, notwithstanding noteworthy efficacy for
the regression of the polypoidal lesions.
Koizumi and associates found that the clinical manifestations of larger polypoidal lesions or PED at baseline may
R E TI N A L P H YS I C I A N .C O M | A P R I L 2 0 1 5

32

be negative prognostic factors for achieving a dry macula
for a therapeutic response to IVR monotherapy.18
In addition, the same group reported that eyes with
PCV and the finding of choroidal vascular hyperpermeability (CVH) in the late phase of ICG angiography may
indicate a poorer response to IVR monotherapy than those
without CVH.19 These findings could help to predict the
efficacy of IVR treatment.
More recently, aflibercept was introduced, and the shortterm efficacy of intravitreal aflibercept injection (IVA) for
the treatment of naïve PCV was reported.20-22 The authors
reported that IVA achieved a favorable visual outcome and
a better regression rate of polypoidal lesions (48% to 75% of
the eyes), when compared with those (28% to 33%) shown
in the reports on IVR.15,23
Assessment of the choroid by means of late-phase ICG
angiography or enhanced depth imaging-OCT (EDIOCT)24 images revealed significantly greater effects of IVA
on choroidal circulation, such as suppression of CVH25 or
thinning of the submacular choroidal thickness,26 in comparison with those of IVR.27
These clinical findings might be associated with the
high affinity of aflibercept to VEGF-A and -B and placental growth factor, and they may attain the resolution of the
persistent exudative changes of AMD after switching the
treatment from other anti-VEGF agents to IVA.28-37
However, the best way to treat PCV remains uncertain.
Currently, IVA either with the regimen of treat-and-extend
or with a fixed regimen may be strongly recommended from
the standpoint of producing a therapeutic effect and as a
defense against exudative recurrence after the achievement
of a dry macula.
For refractory cases, despite a series of IVA therapy,
physicians should consider the application of additional
IVA treatment or a combined procedure of IVA and PDT.
Further studies are needed to clarify the long-term effects
of IVA treatment on PCV.

DEFINITIVE DIAGNOSIS OF RAP

RAP (Figure 2) is a different entity of exudative AMD that
was first reported by Yannuzzi and associates in 2001.38 This
subtype is characterized by neovascularization originating
from the retinal capillaries and not from the choroid, as in
the other phenotypes of exudative AMD.
Freund et al called the neovascularization of the RAP
lesion “type 3 neovascularization,” distinguishing it from
type 1 or 2 neovascularization originating from a choroidal vessel.39 RAP has a pathognomonic profile, including
an older age, a higher ratio of women, a high tendency for
bilateral affection, and an accumulation of soft drusen or
reticular pseudodrusen at the macula.40
The incidence rates of RAP differ among the races.
In whites, the incidence rate is 15%41; in contrast, RAP is
thought to be rare in Asian patients (approximately 5% in
Japanese patients).42 In eyes with RAP, the growth of neo33
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vascularization and the progression of exudative change are
known to be more rapid than those with typical AMD or
PCV. Thus, the natural course of RAP is much poorer than
that of the typical AMD or PCV.
RAP lesions are categorized into three stages.38 Stage
1 RAP is intraretinal neovascularization (IRN) that originates from the deep retinal plexus. Stage 2 RAP is determined by the extension of IRN into the subretinal space,
with or without PED. Stage 3 RAP has IRN and CNV
connecting via retinochoroidal anastomosis.

At every visit, the
ophthalmologic
examination of not only
the affected eye but
also of the unaffected
fellow eye is strongly
recommended, to find any
new-onset RAP lesions
and to prevent the
consequent bilateral
visual loss.
The definitive diagnosis of RAP is based on fundus
examination, OCT, and angiographic findings. Upon fundus examination, the characteristics of a florid intraretinal
hemorrhage, angiectasia of the retinal capillaries, CME, and
the accumulation of soft drusen in the macula are notable.
With OCT, CME, serous retinal detachment and PED (in
cases of stage 2 or 3) are detected.
With fluorescein angiography, retinal-retinal anastomosis in the early phase is valuable in the diagnosis. ICG visualizes the characteristic intense hyperfluorescence called a
“hot spot,” corresponding to IRN.38
Recently, using EDI-OCT,24 Yamazaki and associates
showed that eyes with RAP had a significantly thinner
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choroid than the age-matched normal control eyes.43 This
finding may support the relationship of disturbed choroidal
circulation with the pathophysiology of RAP.44

TREATMENT OF RAP

In the past, treatments such as laser photocoagulation with
or without intravitreal triamcinolone acetonide, surgical
ablation, or PDT with verteporfin were attempted. However,
the results was insufficient or even poor. Subsequently, the
anti-VEGF drugs were added to the treatment of RAP and
achieved hopeful results45-49 with better visual outcomes.
However, physicians are often forced to administer frequent treatments to obtain the stabilization of exudative
changes. The “as-needed” or PRN dosing regimen with
monthly observation has become popular50,51; however, it
might not be ideal in elderly patients with RAP that may
follow a more relentless course. In addition, recurrent subretinal or intraretinal fluid or macular hemorrhage during
a nontreated period in the PRN regimen may increase the
patients’ risk of irreversible vision loss.
Gharbiya et al revealed that the presence of pretreatment PED was correlated negatively with visual outcomes
and was associated with retreatment with IVR.47 In contrast, eyes with RAP without pretreatment PED, particularly during the earlier phase of RAP, showed acceptable
visual outcomes and required fewer IVR treatments.
These results may lead to the consensus that the presence of PED implies an RAP lesion of longer duration,
longstanding retinal damage, and the formation of retinochoroidal anastomosis that may lead to less optimal visual
outcomes and may require more retreatments.
Although anti-VEGF therapy has definitely changed
the management of neovascular AMD, the optimal regimen remains undetermined. Once a dry macula is achieved,
either the intravitreal injection of the treat-and-extend
regimen or maintenance therapy, for instance, one injection every three months, is recommended to keep the RAP
lesion stable and to retain a dry macula.
During the anti-VEGF drug regimen, the physician
should be cautious about the complication of macular atrophy. Rouvas et al compared the efficacy of IVR, IVR plus
PDT, and IVT plus PDT, and they concluded that IVT
plus PDT carried the risk of the progression of post-treatment geographic atrophy despite a successful anatomical or
functional outcome.52
Inoue et al reported the three-year results of IVR for
the treatment of RAP and found a correlation between
post-treatment VA and simultaneous macular atrophy.49
Retinochoroidal atrophy after anti-VEGF therapy cannot
be overlooked.
Another complication that requires close attention is
RPE tears.53 This complication is known to be a part of the
natural history of AMD with PED, including stage 2 or 3
of the RAP lesion. If the fovea were to be involved within
the area of the RPE defect, the visual function would be
34
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devastated severely and irreversibly.
Introini et al reported a relatively high incidence (37%)
of a new-onset RPE tears after anti-VEGF treatment in
eyes with RAP with vascularized PED.54 Careful monitoring of FAF images may help in the early detection of an
RPE tear and its remodeling.55

FOLLOW-UP OF UNAFFECTED FELLOW EYES
OF RAP PATIENTS

In 2005, Gross et al reported that RAP lesions affected
the fellow eye at the cumulative risk of 40% after one year,
56% after two years, and 100% after three years.56 In 2010,
Campa et al reported the same incidence but 60% in three
years in white patients.57 More recently, Sawa and associates found that approximately 50% of the fellow eyes of
Japanese RAP patients were affected after a mean followup of four years. They also reported the presence of reticular
pseudodrusen as a risk factor for bilateral RAP lesions.
Therefore, at every visit, the ophthalmologic examination of not only the affected eye but also of the unaffected
fellow eye is strongly recommended, to find any new-onset
RAP lesions and to prevent the consequent bilateral visual
loss and subsequent impairment in the quality of life. Eyes
in the early phase of stage 1 RAP are known to show
CME as the first exudative change on OCT imaging.58
Thus, OCT is a useful and noninvasive way to keep monitoring the unaffected fellow eye. If a new-onset lesion is
detected at an earlier stage, such as stage 1, anti-VEGF
monotherapy will be effective, and the visual function can
be preserved. RP
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