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Learning objectives

Upon completion of this activity, participants

will be able to:

1. Describe prevalence and significance of

5 different patterns of RAP based on the ICG

2. Describe FA findings in these 5 different

patterns of RAP based on the ICG

3. Describe OCT findings in these 5 different

patterns of RAP based on the ICG
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Abstract

Background To propose a classification

system for retinal angiomatous proliferation

(RAP) on the basis of the indocyanine green

angiography (ICG).

Methods Retrospective chart review of 55

eyes of 55 patients presenting with RAP.

Fluorescein angiography (FA), ICG and optical

coherence tomography (OCT) were used to

evaluate the patients.

Results All RAP lesions appeared as occult or

minimally classic CNV on FA without

clear evidence of pigment epithelium

detachment (PED). We were able to identify five

different patterns of RAP on the

basis of ICG. These were focal (27.2%), irregular

(21.8%), circular (21.8%), multifocal (18.2%), and

combined (10.9%) hyperfluorescence. The

sudden termination of retinal vessel course sign

was observed in 14 of 55 eyes (25.4%), which

had a circular or irregular pattern on the ICG.

Only the circular RAP exhibited a late

hypofluorescence (‘wash out’) with staining

of the surrounding tissue on the ICG.

Forty eight of 55 eyes (86%) had PED according

to the OCT. Out of these 48 eyes, 19 had

intraretinal fluid (IRF) alone, and the rest had

IRF and subretinal fluid. The eight eyes (14%)

without PED belonged to the focal

hyperfluorescence group and the fluid was

located intraretinally in cystic spaces. In

addition, in four eyes (7%) with coexisting CNV

a band of tissue beneath the RAP protruding in

the PED was observed.

Conclusion We propose a classification

system for RAP on the basis of ICG and

present the angiographic and OCT findings of

these lesions. These data may further aid in

the early diagnosis of RAP and can be also

used for prognosis and clinical course

documentation.
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Introduction

In recent years, a peculiar neovascular lesion,

characterized by the presence of deep retinal

hemorrhages, and retinochoroidal anastomosis

(RCA) has been described in patients with age-

related macular degeneration (AMD). Hartnett

et al1 described first in 1992, in a landmark

paper, retinal neovascularization as an early

finding in wet AMD. They described nine

patients with pigment epithelium detachment

(PED) and associated retinal vascular

abnormalities, described as ‘retinal

angiomatous lesions’. Later, Kuhn et al2

identified an RCA as a potential manifestation

of this subtype of AMD and Hartnett et al3

suggested that the neovascularization was deep

in the retina and an anastomosis connecting the

retina circulation to a deep retinal vascular

lesion, namely ‘deep retinal vascular anomalous

complex’, was characteristic of the disorder. In

2000, Slakter et al4 recognized an RCA with or

without a PED as a form of AMD resistant then

to the standard wet AMD care (laser

photocoagulation). Yannuzzi et al,5 coined the

term retinal angiomatous proliferation (RAP),

emphasizing upon the retinal origin of these

lesions and proposed a three stage

development. Around 2 years later, Gass6

proposed a five-stage development and

advocated in favor of the choroidal origin of this

lesion naming it occult chorioretinal

anastomosis. More recently, Freund et al,7

reclassified these lesions suggesting a dual

origin, retinal and/or choroidal.

The recognition of RAP can sometimes

become challenging, as fluorescein angiography
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(FA) commonly reveal occult CNV, an indistinct area

of stippled hyperfluorescence increasing in the late frames of

the FA.5 In addition, RAP is believed to have a different

natural course and response to therapy than typical CNV.8

In this study, we describe the angiographic and optical

coherence tomography (OCT) findings in patients with

RAP. We also propose a classification system for the

angiographic pattern of RAP, on the basis of ICGA, that

Figure 1 Focal RAP. The FA shows a small hyperfluorescence in early frames (a, red arrow) with late diffuse leakage of the dye in
cystic spaces near and inside the fovea with stippled hyperfluorescence beneath the fovea, which has the angiographic signature of
occult CNV (b, the hyperfluorescence located superiorly and temporally is an area of geographic atrophy, white arrow). The ICG
shows a focal pattern in early and late frames (c and d, respectively). A PED is evident on the OCT (e) that was otherwise not
detectable on the FA.
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may be useful in diagnosis and documentation of the

clinical course of the condition.

Methods

We retrospectively reviewed the angiograms and OCT

images of 55 eyes of 55 consecutive patients with RAP in

one of the three vasogenic stages described by Yannuzzi

et al (stage I: intraretinal neovascularization, stage II:

subretinal neovascularization with or without PED

and stage III: CNV with RCA).5 The diagnosis of

RAP was made when hemorrhages and lipid exudates

were identified on dilated fundus exam in an area

of occult CNV on the basis of fluoroscein angiogram

and in the presence of a hot spot on the indocyanine

green angiography (ICG). Patients with myopia,

angioid streaks and other choroidal and retinal

diseases associated with CNV, as well as patients

with retinal vascular disease, such as vein occlusion,

diabetic retinopathy or retinal telangiectasis were

Figure 2 RAP stage II classified as irregular hypefluorescence. The fluorescein leaks into the retina in cystic spaces (a, b) surrounding
the fovea and without distinct margins superiorly and temporally to the fovea. The ICG reveals the presence of a RAP classified as
irregular hyperfluorescence; there is also a sudden termination of a retina vessel course in the RAP (c, red arrow). A PED is
demonstrated on the OCT, which is undetectable on the FA. There is no direct evidence on the FA (a, b) and the ICG (c, d) of a CNV.
However, the sudden termination of the retina vessel (possible RCA), the band of tissue extending into the PED detected on the OCT
(e, red arrow) and the presence of subretinal fluid (SRF) raise the possibility of a CNV.
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excluded. Patients that had received previous treatment

of any kind for the RAP were also excluded. The

study was approved by the IRB of Attikon University

Hospital.

All the patients underwent sequential FA and ICGA

and OCT between February 2005 and June 2008 at the

Retina Service of the 2nd Department of Ophthalmology

of the University of Athens Medical School. A confocal

laser-scanning ophthalmoscope (Heidelberg Retinal

Angiograph, Heidelberg Engineering, Heidelberg,

Germany) was used in all cases. The same technique

was applied in all cases by a single experienced

photographer. All angiograms were screened and

analyzed by two masked observers. In cases of a

Figure 3 RAP stage II classified as irregular. There is leakage with diffuse, indistinct margins on the FA (a, b). The ICG (c) shows a
RAP lesion classified as irregular. In addition, the sudden termination with angulation of retinal vessels is apparent on the ICG (c, red
arrows). There is no wash out of the dye in the late ICG (d). The OCT (e) shows a PED with IRF in cystic spaces and subretinal fluid.
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disagreement, a third opinion was obtained and the

majority opinion was accepted.

Stratus OCT evaluation was also performed in all

patients and consisted of six linear 6.00mm scans oriented

at intervals of 301 and centered on the foveal region.

To verify the accuracy of the OCT findings, the fundus area

encompassing the RAP was additionally scanned using

several vertical and horizontal 6.00-mm length scans.

Results

The results of 55 eyes of 55 patients with the diagnosis of

RAP were reviewed. 22 (40%) were men and 33 (60%)

were women. The mean age of the patients was 73 years

(range 68–82). Two (3.6%) of the patients had stage I RAP,

49 (89%) stage II RAP and four (5.5%) stage III RAP,

according to the Yannuzzi classification.5 There was

agreement between the masked observers in 46 eyes

(84%) and nine eyes went onto the third observer (16%).

In five eyes (9%) the RAP lesions were located superiorly

to the fovea, in 30 eyes (54.5%) temporally to the fovea,

nasally in 14 eyes (25.4%) and inferiorly in six eyes

(10.9%). On the basis of the FA angiograms all eyes

demonstrated a poorly defined leakage producing an

indistinct continuous zone of leakage within and beneath

the retina, which was interpreted as occult or minimally

classic CNV. In 35 eyes of 55 eyes (63.6%) there was dye

leakage into the retina in cystic spaces on late FA frames.

According to the ICG angiograms, there are five patterns

of RAP lesions during the transit phase of high-speed

ICG. These are: (1) focal hyperfluorescence in 15 eyes

(27.2%, Figure 1), (2) irregular hyperfluorescence in 12

eyes (21.8%, Figures 2–4), (3) circular hyperfluorescence

in 12 eyes (21.8%, Figure 5), (4) multifocal

hyperfluorescence in 10 eyes (18.2%, Figure 6) and

(5) combined hyperfluorescence in six eyes (10.9%,

Figure 7). More specifically, four eyes had a combination

of focal (1) and irregular (2) hyperfluorescence and the

other two eyes demonstrated a combination of focal (1),

irregular (2), and circular (3) hyperfluorescence. For more

information about the characteristics of the RAP lesions

refer to the Table 1.

The OCT revealed PED in 48 eyes (86%). Out of

these 48 eyes, 19 eyes had intraretinal fluid (IRF) alone

(in 18 eyes the fluid was located in cystic spaces, whereas

in one eye there were no cystic spaces). No patient had

subretinal fluid (SRF) alone. The rest 29 eyes had a

combination of intraretinal and SRF. All the eyes with

RAP lesions classified (based on the ICG) to the

categories 2–5 and eight eyes with RAP belonging to type

1 had PED. On the other hand, in the rest seven eyes that

had focal (1) RAP lesions there was no PED and the fluid

was located intraretinally in cystic spaces (two of these

were RAP stage I). Furthermore, in four eyes with RAP

stage III (according to Yannuzzi), in which the surface

area of the underlying CNV is obviously larger compared

with the surface area of the overlying RAP in the ICG

(Figure 4), and in one eye with RAP stage II the OCT

showed a large notched PED with SRF at the edges and a

band of tissue with medium reflectivity protruding in the

PED (Figures 2 and 4).

Discussion

On the basis of the FA, RAP mimics the angiographic

signature of the occult or minimally classic CNV. In

addition, the vascularized PED in eyes with RAP does

not have the appearance on the FA according to Gass

(pooling of the dye in late frames with or without

notched margins).9 Thus, the FA alone may not be able to

reveal the presence of a PED in all RAP lesions (Figures 2,

3, 5 and 6). A possible explanation is the different

sequence of events in CNV and RAP. The CNVoriginates

from the choroid, next a PED is formed and later on fluid

Figure 4 RAP stage III classified as irregular (a). The under-
lying CNV (black arrows) has a surface area greater than the
overlying RAP (red arrows), which makes its detection possible.
The OCT (b) shows the band of tissue that protrudes into the
PED, a finding present in all RAP stage III and in one stage II.
There is also subretinal fluid at the edge of the PED and over
the CNV.
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leaks into the retina. On the other hand, RAP originates

from the inner retina demonstrating leakage in the retina

and in a subsequent stage a PED can be formed. The

presence of this early IRF can be confusing in terms of

detection of an underlying PED.

On the basis of the ICG we were able to identify five

distinct types of RAP lesions. Despite the fact that all

lesions were newly diagnosed, we are not sure whether

these types represent time dependent points in the course

of the vasogenesis. A prospective follow-up study would

be helpful, but its design carries significant difficulties, as

these patients require immediate treatment after the

diagnosis, as the prognosis of RAP is generally poor.

The ICG is a useful tool in determining the nature of

the indistinct hyperfluorescence seen on the FA.

However, it is a study that gives us information in two

dimensions, such as the FA. Thus, someone cannot

exclude the presence of a lesion that originates from the

choroid (CNV) that has a smaller surface area compared

with the overlying lesion we detect on the ICG (RAP).10

This is more important for the circular and irregular RAP

lesions and not for the focal or multifocal RAP as the

latter have a relatively small surface area, which almost

excludes the presence of an even smaller underlying

CNV. The sudden termination of the retinal vessels

course in the lesion, which may suggest the presence of a

RCA with an underlying CNV with smaller surface area

compared with the RAP, was observed only in circular or

irregular RAP (Figures 2 and 3). This is in favor of the

fact that the focal or multifocal RAP is less likely to be

accompanied by a CNV and thus, they may have a better

prognosis. We believe that, with the help of the high-

resolution spectral domain OCTwe will be able to study

these lesions in greater detail and uncover the presence

of these small accompanying CNVs. We did not include

the spectral domain technology, as it was not available in

2005, when we began this study. On the basis of all the

above observations, the classic staging of RAP according

to Yannuzzi5 carries a significant amount of uncertainty

regarding the true nature of RAP lesions. The term ‘type

3 neovascularization’, proposed by the same group in

2008,7,11 is a more appropriate term that should be used

for RAP lesions. We used the Yannuzzi staging and not

the Freund terminology because when we started our

study this was the standard staging for RAP. In addition,

the fact that all the RAP without PED demonstrated only

IRF on the OCT, whereas the RAP with PED had

predominantly IRF and/or SRF may provide additional

Figure 5 RAP stage II classified as circular hyperfluorescence. The FA demonstrates an indistinct poorly defined area of leakage (a). The ICG
shows a circular RAP. A retina-retina anastomosis is also present (b, red arrow: artery, blue arrow: vein) and the RAP shows a ‘wash-out’
phenomenon at the late frames of the ICG with staining of the surrounding tissue in a circular fashion (c). A PED is detected on the OCT
(FA again is inconclusive regarding the presence of a PED or not) (d). The RAP is shown on the OCTas an area of relative hyperreflectivity in
the inner retina (d, red bold arrow).
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evidence for the coexistence, along with the RAP, of an

underlying CNV with surface area smaller than the

overlying RAP. So, the presence of a PED and/or SRF

may suggest the coexistence of a CNV (when ICG fails to

reveal it). To further support this notion, as the CNV

breaks through the RPE, the subretinal space is the first

space that fluid will be extravasated, whereas IRF

suggests extravasion from a lesion of retinal origin. The

band of tissue that extends into the PED (Figures 2 and 4)

was observed in all stage III RAP and thus may be a sign

indicative of an accompanying CNV when angiography

fails to demonstrate it. This finding was also present in

one eye with RAP stage II (Figure 2) (classified as II, as

there was no angiographic evidence for coexisting CNV).

We believe that the early identification of these small

accompanying CNVs in RAP is very important because

of the different prognosis, as an RCA will eventually

form in these lesions. Consequently, the presence of

a lesion that is perfused by two vascular networks

(retinal and choroidal) with different hemodynamics

poses a challenge to the retina specialist regarding its

treatment.

Matsumoto et al12 reported the OCT findings in nine

eyes (one with stage I and eight with stage II) with RAP

using Spectral Domain technology (Cirrus, Zeiss, Dublin,

CA, USA). Intraretinal neovascularization appeared as a

highly reflective mass from the outer plexiform layer to the

deeper layer in seven eyes and the underlying retinal

pigment epithelium was disrupted beneath the intraretinal

neovascularization in all eyes. All eyes had retinal edema

around the intraretinal neovascularization, whereas serous

retinal detachments were seen in only two eyes with stage

II disease with pigment epithelial detachment. In another

study13 comparing the morphological findings of the

SD-OCT (Cirrus) to the time-domain OCT (Stratus),

the authors reported the presence of RPE breaks only

in eyes with RAP stage III and not with stage II.

Another important finding in our study is that the dye

wash out in the late phases of the ICG, as previously

described,4,5 was present only in the cases with circular

Figure 6 RAP stage II classified as multifocal. There is leakage of the dye in cystic spaces on the FA (a) and the ICG reveals two foci of
RAP lesions (b, red arrows) that increase in size and intensity over time (c). The OCT (d) shows a PED, subretinal fluid and fluid in
cystic spaces.
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hyperfluorescence (Figure 5). This can be explained by

the fact that these lesions may originate solely from the

retina and not the choroid. This way, the ICG dye is

washed out at the late phases because there is no

fibrovascular tissue (due to a CNV) in the lesion that the

dye will stain. The dye wash out that is observed in RAP

is accompanied by a late staining at the rim and

surrounding space of the lesion, probably due to the

existence of exudated fibrin in this area.14

In conclusion, we classify the RAP lesions in five

different types (Figure 8) on the basis of ICG. This

classification system can be potentially used to document

the clinical course of the condition after diagnosis and

any subsequent treatment, and determine prognosis and

optimal management plan in each different subtype. We

also show that the PED on the FA in RAP does not have

the classic appearance according to Gass, the wash out

phenomenon is observed only in circular RAP and the

RAP without PED exhibit only IRF on the OCT and have

a focal pattern. The sudden termination of retinal vessel

course sign on the ICG is present only in circular or

irregular RAP. Moreover, someone cannot exclude the

Figure 7 RAP stage II classified as combined (multifocal and irregular). There is an ill-defined leakage on the FA (a, b). The ICG (c)
reveals the presence of focal (red arrows) RAP lesions and of an irregular (blue arrow) RAP lesion. The yellow arrows on the ICG (c)
represent telangiectatic changes. The OCT (d) shows a RAP (red bold arrow) with PED, IRF (cystic spaces) and subretinal fluid.

Table 1 Characteristics of the RAP lesions

Focal Irregular Circular Multifocal Complex Total

N 15 12 12 10 6 55
Wash out F F 12 F F 12
PED 8 12 12 10 6 48
Retina–retina anastomosis 4 6 2 2 F 14
CNV F 2 2 F F 4
Sudden termination of retinal vessel course F 4 10 F F 14
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presence of CNV with smaller surface area compared

with the overlying retinal neovascularization with

the current standard imaging technology (Stratus OCT,

FA and ICG). The detection in the OCT of a band

of tissue protruding in the PED may be indicative

of an accompanying CNV when FA or ICG fail to

demonstrate it. Further larger prospective studies

using spectral-domain OCT technology with long

follow-up are necessary to study RAP and develop

effective treatments.
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the early phase of the ICG.

Summary

What was known before

K Retinal angiomatous proliferation is classified in three
stages according to Yannuzzi. Stage 1. Intraretinal
neovascularization Stage 2. Subretinal neovascularization
with or without PED Stage 3. Choroidal neovascularization
with retinochoroidal anastomosis.

What this study adds

K We further dissect the RAP lesions in five groups on the
basis of the ICG. These groups are: 1. focal, 2. circular, 3.
irregular, 4. multifocal, and 5. combined. These data may
further aid in the early diagnosis of RAP and can be also
used for prognosis and clinical course documentation.
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Angiographic and OCT features
of retinal angiomatous
proliferation
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(PED)
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C Subretinal fluid (SRF) alone

D A band of tissue beneath the RAP protruding in the
PED

Activity evaluation

1. The activity supported the learning objectives.

Strongly disagree Strongly agree
1 2 3 4 5

2. The material was organized clearly for learning to occur.

Strongly disagree Strongly agree
1 2 3 4 5

3. The content learned from this activity will impact my practice

Strongly disagree Strongly agree
1 2 3 4 5

4. The activity was presented objectively and free of commercial
bias.

Strongly disagree Strongly agree
1 2 3 4 5
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