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Age-related macular degeneration (AMD), is a leading cause of severe central vision loss

and legal blindness among people over 55 years of age in the industrialized countries a-

4), and thus represents a major worldwide sociosanitary problem.

Exudative (neovascular) AMD is a less common form of the disease, but is responsible for
approximately 80-90% of all cases of severe vision loss (5-7) choroidal
neovascularization (CNV) in its different forms of presentation is the main cause of
complications and vision loss in these patients.

The classification of CNV based on its angiographic characteristics was regarded as very
important in the past, when treatment fundamentally consisted on thermal laser ablation
or photodynamic therapy (PDT). However, at present, the development of spectral
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domain optical coherence tomography (SD-OCT) and the use of intravitreal injections of
antiangiogenic drugs have led to a genuine revolution in the diagnosis, follow-up and
prognosis of these patients.

Anti-vascular endothelial growth factor (VEGF) therapy is the treatment of choice in
patients with exudative AMD, though there are cases where other treatments may be
used alone or in combination in order to increase efficiency.

OCT has displaced other diagnostic techniques used for patient control in the frequent
follow-up visits of the disease. Today, SD-OCT and noninvasive fundus autofluorescence
imaging can provide additional anatomical information beyond the fluorescein
angiography (FA), including visualization of the layers of the retina and choroid involved
with the neovascular membrane. Moreover, swept source OCT (S5-OCT) is a new OCT
technology, which have enabled a even faster acquisition and a reduction in the signal-
to-noise ratio. The use of OCT has increased dramatically during the past decade,
whereas the use of FA had declined considerably.

In addition, the more recent introduction of OCT angiography (OCTA) and the increasing
experience in interpreting OCT images has reduced even further the need for FA and its
associated side effects.

FA remains however, in our opinion, a necessary technique at the time of diagnosis,
since it affords prognostic information, and is useful for re-evaluating patients with a
poor response to treatment. In fact, the American Academy of Ophthalmology AMD
Preferred Practice Pattern advocates the use of intravenous fundus FA when a patient
complains of a new unexplained blurred vision and it is also indicated in the following
situations: to detect the presence and determine the extent, type, size, and location of
CNV; and, to detect persistent or recurrent CNV following treatment(9).

Nowadays, the retina and imaging community is excited to see if improvements in OCT
technology and the introduction of the OCTA could eliminate the FA(9).

Indocyanine green angiography (ICGA) is useful for the study of occult CNV (OCNV), and
particularly in identifying the characteristic patterns of idiopathic polypoidal choroidal
vasculopathy (IPCV) and retinal angiomatous proliferation (RAP). It is important to
correctly diagnose these disorders, since they respond differently to treatment. The main
advantage of ICGA is that it allows specific analysis of choroidal circulation and its
interactions with the retina. However, interpretation of the ICGA images is complex, and
in some cases requires contrasting with the data obtained by means of other techniques
such as FA or OCT, and with correct biomicroscopic assessment of the macula.

The present chapter analyses the information that we can obtain from ICGA in
application to the diagnosis and follow-up of AMD, and defines the current most precise
indications of the technique, and its usefulness in daily clinical practice.
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Thus, an analysis is made of the characteristic ICGA images found in patients with AMD,
the precise indications of the technique, and the situations in which ICGA proves
essential for establishing a correct diagnosis to ensure adequate treatment of this
complex disease.

INDOCYANINE GREEN ANGIOGRAPHY (ICGA)

Indocyanine green (ICG) is a tricarbocyanine dye with both hydrophilic and lipophilic
properties(LO). The empirical formula of ICG is C43H47N2Na0652. The molecular weight is
775 Daltons. When dissolved in saline solution, ICG tends to form polymers if the solution
concentration is high and monomers if the concentration is low. For this reason the dye

is dissolved in water for intravenous injections.

Peak absorption of the monomers and polymers is observed at 785 and 690 nm,
respectively. Binding to proteins in turn elevates the absorption spectrum to 810 nm,
since polymer formation decreases. The emission spectrum in aqueous solution is 810-
820 nm, though in blood it shifts 10 nm towards longer wavelengths. The ICG molecule
can be considered active at a wavelength of between 790 and 830 nm.

Following intravenous administration, ICG binds to blood lipoproteins (fundamentally
phospholipids) in a proportion that can reach 98%11-13) The emitted fluorescence
intensity increases as a result of such binding. Elimination takes place in the liver, with

secretion in bile.

The adverse reactions are similar to those observed with fluorescein, but are less
frequent(10). In 1994, explorations with ICG documented a 0.15%, 0.2% and 0.05%
incidence of mild, moderate and severe reactions, respectively@. The dye should not
be used in patients with shellfish or iodine allergies, liver disease, and end-stage renal
disease. No studies in animal models have been made regarding use of the dye in
pregnancy. However, current practice patterns regarding the use of ICGA in pregnant
woman may be unnecessarily restrictive(14).

Exploration is carried out in the same way as in FA, though with the corresponding
excitatory light and barrier filter. The contrast is injected and images are obtained
documenting the fluorescence passing through the ocular fundus during the filling
phases, and posteriorly after 1, 3, 5, 10, 20 and 30 minutes.

The ICG molecule has biophysical properties that make it useful for visualizing the
choroidal circulation. The dye is excited by light close to infrared, increasing its
penetration through the retinal pigment epithelium (RPE), melanin, xanthophyll pigment
and thin blood layers. ICG circulates almost entirely bound to plasma proteins, and
gradually diffuses across the choriocapillaris - thus allowing better visualization of its
circulation within the choroidal vessels. These properties make it possible to visualize
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CNV beneath blood layers, exudates or RPE detachments (PEDs)(15-16) by differentiating
(in the latter case) between the hypofluorescent serous component and the
hyperfluorescent vascular component (Figure 1).

Figure 1. (A) The ICG molecule has biophysical properties that make it useful for
visualizing the choroidal circulation. (B, C and D) These properties make it possible to
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visualize choroidal neovessels beneath blood layers, exudates or RPE detachments
(PEDs) by differentiating (in the latter case) between the hypofluorescent serous
component and the hyperfluorescent vascular component. With FA, both the serous and
the vascular component appear hyperfluorescent, and the limits of CNV may be masked
as a result. A and B. Visualization of the choroidal circulation under thin blood layers. (C)
Hot spots visible in an area of exudation. (D) PED with small CNV at the margin of the
lesion. With FA, both the serous and the vascular component appear hyperfluorescent,
while with ICGA only the vascular component of PED appears hyperfluorescent.

The most important contribution of ICGA to the study of CNV in AMD is its capacity to
detect choroidal new vessels which in some cases remain occult when using FA(13.16)
Following the development of ICGA in the early 1970s(17,18), two decades went by
before scanning laser ophthalmoscopy (SLO) and digital angiography made it possible to
improve ICGA visualizationw_and registry, and routine application of the technique

in clinical practice.

In the 1990s, different studies(22) showed that ICGA allows the visualization of OCNV, the
most frequent type of CNV in the context of neovascular AMD. The capacity of ICGA to
locate new vessels particularly in those cases with associated PEDs made it possible to
increase the number of cases of CNV amenable to laser photocoagulation therapy - the

latter being the only treatment option available at that time for such patients.

Until the end 1990s, the visualization and delimitation of neovascular membranes was
regarded as very important, due to the inclusion of extra- and juxta-foveal locations as
an indication for laser photocoagulation@. In this context, the use of ICGA was of great
help due to its capacity to delimit OCNV. In 1992, Yannuzzi et al.£23) showed that late
frames of ICGA allowed visualization of the entire choroidal neovascular membrane(22):
Before this time, ICGA had already been found to be useful in detecting CNV in cases of

block caused by media opacityw.

ICGA served to guide photocoagulation of OCNV without classic CNV, particularly when
this OCNV was located inside or at the margin of PED(20.27). The images obtained with
this technique in such cases of vascularized PEDs allowed the individualization of a new
form of CNV known as chorioretinal anastomosis, later termed retinal angiomatous
proliferation (RAP) or type 3 neovascularization(28-30), Scanning laser ophthalmoscopy

(SLO), more than vid

In his description, Yannuzzi (58) defended this retinal onset of neovascularization, while
Gass (38) suggested that the process starts in the choroid as occult CNV.

When FA is used, RAP manifests as an occult form of CNV with PED and perilesional
microhemorrhage and frequent intraretinal edema, associated to neurosensory retinal
detachment (NSRD) and RCA in advanced stages.
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eoangiography, truly improved the quality of the early frames of ICGA, making it possible
to record a dynamic sequence of choroidal filling and improving visualization of this
particular neovascular network corresponding to chorioretinal anastomosis{22),

Using SLO, other authors also described the use of high-speed ICGA for visualizing the
feeding vessels in cases of OCNV, allowing their selective photocoagulation without the
need to cover the entire membrane31-33) However, the usefulness of ICGA in these
cases is limited, since in many cases there is not only one but several feeding vessels;
there may be failures in identification; and laser photocoagulation is often not enough to

ensure definitive sealing of the afferent vessel(34),

The introduction of verteporfin photodynamic therapy (V-PDT) in the late 1990s allowed
the treatment of subfoveal CNV. Different randomized clinical trials were performed,
such as the TAP (Treatment of Age-Related Macular Degeneration with Photodynamic
Therapy) and VIP (Verteporfin in Photodynamic Therapy) trials, which respectively,
included patients with classic and occult CNV{32:36) New vessels were classified
according to the FA findings, while ICGA was not performed because PDT became
standard care treatment for classic subfoveal CNV.

Anti-VEGF therapy inaugurated a new era in the management of exudative AMD,
because it was the first treatment to improve the mean visual acuity of eyes treated with
intravitreous injections of anti-VEGF(37:38) which proved effective in both classic and
occult subsets of CNV. In randomized clinical trials, CNV was classified according to the
FA findings, and ICGA did not form part of the protocol. However, eyes with PEDs were
not included in the initial randomized clinical trials, and it is known that such conditions
show a poorer treatment response and predispose to RPE rupture@.

New developments of OCT include better visualization of the choroid49-43) and this
noninvasive technology reduced the use of angiographic testing in routine clinical
practice in patients with exudative AMD in which fixed-regimen monthly intravitreous
reinjection are used. OCT brings another classification of the neovascular type secondary
to AMD: type | is a lesion which grows under the RPE, type Il is subretinal and type llI
corresponds to RAP.

ICGA remains necessary when the diagnosis proves uncertain despite FA and OCT; in
certain cases of OCNV with PEDs (particularly in cases of suspected IPCV and RAP) or
conditions such as central serous chorioretinopathy (CSC), which may require a different
therapeutic approach from that used in neovascular AMD; and in the re-evaluation of
non-responding patients.

Due to the economical and medical care burden implied by this type of treatment, an
early and correct diagnosis is very important in order to prescribe adequate patient
management.
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Current Importance of ICGA in AMD

Nonexudative (Dry) AMD

In nonexudative AMD, ICGA has been used to improve drusen classification{#4:43); to
facilitate diagnosis of basal laminar drusen and the associated subretinal deposits(46);
and to improve understanding of reticular pseudodrusenw, due to the affinity of
some lesions for this dye.

However, ICGA is not routinely used to study dry AMD(22), except in cases of drusenoid
PED to confirm the absence of CNV (Figure 2).

Drusenoid PED could be defined as the progressive increase and confluence of small soft
drusen. These appear as yellow-gray spots, sometimes with a characteristic
hyperpigmented ring, due to their slow and progressive growth. OCT in application to
these drusenoid forms allows us to identify elevations of the pigment epithelium,
sometimes variable in number and sometimes as a single and larger PED, filled with
hyper-reflecting material.

Drusenoid PEDs require no treatment, since they do not imply the presence of
neovascular activity, and ICGA is important for establishing this differentiation (Figure
2).

Figure 2. Drusenoid PEDs require no treatment, since they do not imply the presence of
neovascular activity, and ICGA is important for establishing this differentiation.
Drusenoid PEDs appear hyperfluorescent in the fluorescein study, while ICGA allows the
exclusion of CNV if there is no hyperfluorescent component associated to the hypo- or
isofluorescence of the PED.

Recently, ICGA has been reported to be useful for evaluating the atrophic areas present
in Stargardt disease, in comparison with the atrophy of dry AMD49), The
hypocyanescence evidenced by ICGA in the atrophic areas (“dark atrophy”) has been
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shown to be more frequent in Stargardt disease than in atrophic AMD - suggesting a
possible selective damage of the choriocapillaris in Stargardt disease.

Exudative (Wet) AMD

Using ICGA, CNV has been reclassified into three different morphologic types: focal spot
or “hot spot”, plaques (well or poorly defined), and mixed (i.e., a combination of the
previous two)w. These alterations may be located at the margin of the lesion

(marginal spot), above the lesion (overlying spot), or at a distance from the lesion

(remote spot) (Figures 3-4).

Figure 3. Using ICGA, CNV has been reclassified as focal spots (or hot spots), plaques or
mixed forms (a combination of the first two forms). Figure A shows a plaque with poorly
defined margins, in the late phases of ICGA. Figure B shows two hot spots (the lower spot
being more active).
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Yannuzzi(23,60) reported that hypofluorescence is maintained throughout the duration
of the test in non-vascularized PEDs. On analysing these changes in serous PED with
CNV, this author established two well defined groups in 96% of the patients: (a) cases
where ICGA shows a solitary and well defined hyperfluorescence spot which he refers to
as focal CNV or a “hot spot”; and (b) a “plaque CNV”, which is a larger and poorly
defined lesion with less intense fluorescence. In the remaining 4% of the cases the
author observed no CNV with ICGA.

Figure 4. CNV may be located: (A) At the margin of the lesion (marginal spot); (B) Above
the lesion (overlying spot); or (C) At a distance from the lesion (remote spot).



Plaques were found to be the most common type (61% of the cases) and had a poor
visual prognosis, whereas the focal spots or “hot spots” (29%) had a better prognosis,
and they were considered to be potentially treatable by ICG-guided laser
photocoagulationw.

Moreover, ICGA is useful to identify underlying causes of spontaneous submacular
hemorrage, allowing for different approaches that may improve outcomes and safety@)

Classic CNV

Classic CNV is better delimited by FA than by ICGA(24:33) |CGA does not offer relevant
supplementary information unless associated OCNV is present. As a result, it is likewise
not routinely used to study classic CNV.

Occult CNV (OCNV)

The term “occult” refers to a type of CNV that is difficult to visualize, analyse and
localize on FA. This difficulty is due to their polymorphic features, but especially to the
fact that they are ill-defined and ill-delimited2®), The fundamental advantage of ICGA is
that it allows early detection and localization of OCNV and analysis of the filling and

staining pattern of the CNV network of the lesions.

OCNV is very common, and most cases of CNV in AMD (60-85%) correspond to this type
(57,58)

These cases may present a variable course:

e A slow and almost asymptomatic course for many months.

e A course characterized by exacerbation episodes.

e A slowly progressing course with impairment of visual acuity, metamorphopsia and
gradual growth of the lesion.

The natural outcome of the disease is generally poor, with severe central vision loss due
to hemorrhages, sometimes associated with serous PEDs and/or tearing of the pigment
epithelium (RPE Tear), and eventually, fibrous proliferation with formation of a fibrous
scar.

OCNV can be grouped into two main types@:

1. OCNV without serous PED;
2. OCNV associated with serous PED.
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The classification proposed by the MPS (Macular Photocoagulation Study) investigators is
similar and based on FA:

e Type I: Fibro-vascular PED (Fibro-vascular pigment epithelium detachment with
irregular and poorly demarcated hyperfluorescence);

e Type II: Late leakage of an undetermined source (without PED and without classic
CNV).

RAP or type 3 neovascularization in turn is added to the above(29.30),

The importance of ICGA in the study of OCNV is that it can afford an early diagnosis of
the disease in cases that prove doubtful with FA and OCT particularly cases involving
OCT based differential diagnosis with neurosensory detachment, which can also occur in
CSC.

1. OCNV without serous PED

FA shows irregular and poorly delimited hyperfluorescence with late phase diffusion
suggestive of OCNV. OCT in these cases is essential for evaluating the degree of activity
due to the presence of neurosensory detachment and thickening of the pigment
epithelium membrane - choriocapillary band, which is more suggestive of OCNV than of
CSC in the absence of leakage points in FA. OCT is also fundamental for the follow-up of
these patients.

2. OCNV with serous PED

Serous or serohematic PED appears in the ocular fundus as a yellow-orange elevation
with margins that are very well defined by the solid adherence of the pigment epithelium
to Bruch’s membrane at this level.

Serous PED may be avascular or vascular. For all eyes with PEDs, the purpose of the
initial evaluation is to identify or exclude the presence of CNV, as this feature will change
the treatment in the anti-VEGF era. ICGA is very useful in these cases for establishing the
presence or absence of associated neovascularization, since such CNV may be masked
by the hyperfluorescence of PED when FA is used (Figure 5).
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Figure 5. ICGA is very useful in these cases for establishing the presence or absence of
associated neovascularization, since CNV may be masked by the hyperfluorescence of
PED when FA is used. When FA proves inconclusive, ICGA may confirm the absence of
neovascularization.

When ICGA is used, PED appears as a hypofluorescent lesion in all phases of the
angiogram. In some cases, as a result of the accumulation of lipids on Bruch’s
membrane, the lesion may have an isofluorescent or even somewhat hyperfluorescent
appearance, while in contrast CNV always appear hyperfluorescent. Gass292) described a
blood or pigment meniscus in a zone of the PED, forming a notch that affords a kidney-
like shape and which represents the zone of firm adherence between the CNV and the
pigment epithelium. This notch which gives the PED a kidney shape allows us to suspect
where the CNV is located.

Yannuzzi{23.60) reported that hypofluorescence is maintained throughout the duration of
the test in non-vascularized PEDs. On analysing these changes in serous PED with CNV,
this author established two well defined groups in 96% of the patients: (a) cases where
ICGA shows a solitary and well defined hyperfluorescence spot which he refers to as
focal CNV or a “hot spot”; and (b) a “plaque CNV”, which is a larger and poorly defined
lesion with less intense fluorescence. In the remaining 4% of the cases the author
observed no CNV with ICGA.

ICGA is a very useful diagnostic technique and superior to FA in diagnosing and
classifying CNV associated to serous PEDs. As can be seen in the figures, all types of
neovascularization can be found associated to serous PED: classic, occult, RAP, and also
quite often associated to IPCV (as shown in the Figure 6).
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Figure 6. ICGA is very useful for diagnosing and classifying CNV associated to serous
PED, due to its capacity to distinguish between the serous and the vascular component.
All types of associated CNV may be found. Figure A shows classic CNV which is better
visualized with FA in the early phases, since it is masked in the late phases by the
hyperfluorescence of the entire lesion. The rest of the cases involve OCNV, where ICGA
can show hot spots on the black image of the PED associated to RAP (yellow arrows) or
polyps (red arrows).

OCTA used to enhance the detection of neovascularization could be possible in some

cases where neovascularization is not clearly detected with OCT or dye-based

angiographies. Nowadays, it could be interesting to use a multimodal approach in these
(61)

cases—>=.,

Retinal Angiomatous Proliferation (RAP)

RAP has been described as a variant of exudative AMD characterized by the presumed
retinal origin of CNv{62) (Figure 7).
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Figure 7. RAP has been described as a variant of exudative AMD characterized by the
presumed retinal origin of CNV. (A) Image of retinal communication under Zeiss FF 450
plus IR (Carl Zeiss Meditec, Jena, Germany). (B) HRA (Heidelberg Retinal Angiography 2)
image (HRA2, Heidelberg Engineering, Germany).

The pathogenesis and classification of RAP remain subject to debate(63),

Yannuzzi (62) was the first to describe this condition, establishing three different stages

on the basis of the clinical and angiographic findings:

STAGE I. Proliferation of intraretinal capillaries; intraretinal neovascularization;
STAGE Il. Subretinal new vessels without PED (I1A) or with PED (lIB);

STAGE lll. Choroidal neovascularization (CNV);

Such CNV often consolidates as retinochoroidal anastomosis (RCA), which
posteriorly has been classified as:

 STAGE IV. Retinochoroidal anastomosis (RCA) (64.65),

RAP represents approximately 12-20% of all cases of exudative AMD (30.66,67) and
currently the term type Ill neovascularization has been proposed for this condition,
precisely in order to distinguish it from other types of CNV in exudative AMD (28,65,68)

This disorder is known to show a different natural course and response to treatment
compared with other forms of AMD!{89.70.71). The existence of retino-retinal anastomosis
(RRA) and RCA(62,64) is characteristic of RAP type lesions and contributes to the
presence of high-flow vascular alterations with double retinal and choroidal circulation.
This and the presence of associated PED and cystoid macular oedema in the more
advanced stages complicates the treatment of this disease@(Figure 8).
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CHARACTERISTIC OF LESIONS RAP TYPE

1. Retino-retinal anastomosis (RRA)
2. High-flow vascular alterations
3. Double retinal and choroidal circulation
4. Associated PED
e 9. Cystoid macular edema

Figure 8. The existence of RRA is characteristic of RAP type lesions and contributes to
the presence of high-flow vascular alterations with double retinal and choroidal
circulation. This, and the presence of associated PED and cystoid macular edema,
complicates the treatment of this disease.

In some cases, ICGA in the early phases allows us to identify RRA with a nutrient vessel
and a draining vessel73) _ this representing a retinal neoangiogenic process that
subsequently spreads to the subretinal space (Figure 8).

In some cases, ICGA in the early phases allows us to identify retino-retinal anastomosis
with a nutrient vessel and a draining vessel (69) _ this representing a retinal

neoangiogenic process that subsequently spreads to the subretinal space (Fig.8).

In his description, Yannuzzi{®2) defended this retinal onset of neovascularization, while
Gass@) suggested that the process starts in the choroid as OCNV.

When FA is used, RAP manifests as an occult form of CNV with PED and perilesional
microhemorrhage and frequent intraretinal edema, associated to neurosensory
detachment and RCA in advanced stages.
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ICGA allows us to study the existence of single or multiple hot spots at
neovascularization level. This is very useful in the earliest stages, especially to the
effects of treatment, if V-PDT is to be associated. ICGA also allows us to observe spot
persistence or disappearance after treatment, as well as the reappearance of spots in
the case of patients who are re-evaluated due to a lack of response or resistance to
therapy. In some early stage cases, ICGA can reveal the characteristic retino-retinal
vascular communication in the early phases of the angiogram (Figure 9).



Figure 9. ICGA allows us to study the existence of single (A and C) or multiple (B) hot
spots at neovascularization level (white arrows). In some early stage cases, ICGA can
reveal the characteristic retino-retinal vascular communication in the early phases of the
angiogram (red arrows).



It is important to distinguish RAP from other forms of AMD, not only in view of the poor
vision prognosis if exhaustive patient follow-up and correct treatment are not carried
out, but also due to the high risk of neovascularization in the other eyeM. In this

context, ICGA helps us to establish a correct diagnosis (Figure 10).

Figure 10. It is important to distinguish RAP from other forms of AMD due to the high risk
of neovascularization in the other eye when the disease is present in one eye. (A) RAP
first manifesting in the left eye with spontaneous rupture of the RPE; we must keep a
very close follow-up because of a possible involvement of the fellow eye. (B) After 6
months the fellow eye is affected, and ICGA helps us to establish a correct early
diagnosis. We can see the communication in early phases and the small hot spot in late
phases of ICGA.

The precise mechanism giving rise to this peculiar form of vascularization remains
unclear, though some authors recently have suggested that there is ischemia at external
retinal level, induced by diminished choroidal perfusionw.

RAP requires more intensive management, often involving combined treatments, in

order to control the activity of the disease!70. 79-82) Recently, favourable results have
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been published with the use of anti-VEGF drugs, though with a high recurrence rate after
suspending the treatment(©3.83-97)

V-PDT has been associated to anti-VEGF drugs and to intravitreous triamcinolone (IVT),
with promising results(28-114) combined treatment proves effective in maintaining or
improving patient vision and in reducing exudation, without long-term adverse effects
(110) Rouvas et al.(112) have reported stabilization in patients administered with
ranibizumab alone and in patients administered with ranibizumab associated to V-PDT,
with functional and anatomical improvements in the patients subjected to V-PDT with
IVT.

Regarding the combined treatments, it must be taken into account that there is an
increased risk of developing atrophy in patients with RAP subjected to V-PDT(112).
Frequent geographic atrophy has been described in these patients after the treatment
7)), and recently there have also been reports@ of specific changes in the choroid and
in drusen distribution, which may have long term diagnostic and therapeutic

implications (Figure 11).

Figure 11. Regarding the combined treatments, it must be taken into account that there
is an increased risk of developing atrophy in patients with RAP subjected to V-PDT.
Frequent geographic atrophy has been described in these patients after the treatment
(white arrow).

In coincidence with other authors(111), we perform ICGA-guided PDT in some patients in
stages | and Il, with the smallest possible spot covering the neovascularization,
associated to anti-VEGF drugs. This technique would use smaller spots, thereby
contributing to lessen the risk of long-term atrophy in these patients (Figure 12).
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Figure 12. We perform ICGA-guided PDT in some patients in stages | and Il, with the
smallest possible spot covering the neovascularization, associated to anti-VEGF drugs.
This technique would use smaller spots, thereby contributing to lessen the risk of long-
term atrophy in these patients. The figure shows the outcome, three years after the
treatment.

It is also known that the prognosis is poorer in cases of large PEDs, where pigment
epithelial rupture may be more frequent after treatment(115-117) (Figure 13), and that
better functional results are obtained when these patients are diagnosed and treated in
early stages of the processM. The diagnosis should be, therefore, established as soon
as possible, and ICGA is very important to this effect (Figure 14).
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Figure 13. It is also known that the prognosis is poorer in cases of RAP (A, red arrow)
with large PEDs, where pigment epithelial rupture may be more frequent after
treatment. (A) PED is observed/marked with a thin wall (A, white arrow) where pigment
epithelial rupture occurs after intravitreous injection of ranibizumab (B, white arrow).

Figure 14. The diagnosis therefore should be established as soon as possible, and ICGA
is very important to this effect. (A) Stage | RAP is observed, easily identifiable with ICGA.
(B) A patient with bilateral drusen where ICGA identifies an incipient communication (B1,



white arrow) that produces alterations with intraretinal edema as evidenced by OCT
(B1); ICGA proves negative in the other eye, however (B2).

OCT may be used to diagnose type 3 neovascularization in patients with neovascular

AMD with relatively high concordance compared with ICGA-based diagnosis@.

Idiopathic Polypoidal Choroidal Vasculopathy (IPCV)

IPCV is characterized by the presence of a network of abnormal choroidal vessels with
aneurysmal dilatations in the form of polyps visualized as red-orange nodules in the
ocular fundus and located mainly at peripapillary level and in the macular zon
These choroidal vascular lesions can produce serous exudation and hemorrhage that
have been associated to recurrent serohematic PEDs and neurosensory detachment
Figure 15).

e(120-123)

(122,124-128) (

Figure 15. (A and B) Peripapillary polyps with a large exudative component at superior
temporal arcade level in the first patient. (C) Serohemorrhagic PED at macular level, with
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a small polyp, evidenced by ICGA (C, white arrow). (D) Circinate macular lesion centered
by a network of polyps (D, white arrows).

The vascular lesions of IPCV can simulate an occult or minimally classic membrane with
FA, while ICGA clearly reveals the polypoidal lesions and anomalous vascular network
within the choroid. In concordance with this, a literature review published by Stanga et
al. concluded that ICGA is highly recommended for the identification of choroidal lesions
in patients with IPCV(5—1) (Figure 16).

Figure 16. Patients with OCNV in FA, where the polyps are seen by ICGA. The three
patients responded poorly to anti-VEGF therapy and where therefore re-evaluated due to
suspected IPCV. In case C, FA reveals a hyperfluorescent vascular PED (yellow arrow),
while only the polyps at the margin of the PED appear hyperfluorescent with ICGA (white
arrow).
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ICGA is able to identify two elements in these anomalies: polypoidal structures projecting
from the internal choroid towards the retina, and a branched choroidal vascular network
(BVN) manifesting with early vascular hyperfluorescencew. The underlying
pathogenesis remains subject to debate (Figure 17). In this sense, some authors suggest
that the polyps are a form of CcNv232-135) ' \while others regard them as an alteration of
the internal choroidal vessels(136-138)

Figure 17. ICGA is able to identify two elements in these anomalies: polypoidal
structures projecting from the internal choroid towards the retina, and a BVN manifesting
with early vascular hyperfluorescence. The figure shows this choroidal vascular network
(short white arrows), with the formation of a polyp at marginal level (large white arrow).

The polyps are difficult to identify on FA, as they are located beneath the RPE. On ICGA,
however, the polyps are clearly visible as single or multiple vascular aneurysms with a
diameter of 100-500 um which fill after a short delay and remain hyperfluorescent until
the late phases. These lesions are often located in the juxtapapillary zone, but can also
be found at macular level, in the vascular arches, and even at peripheral level. The
choroidal vessels in the area of the polyps may appear irregular and dilated, forming a
fine vascular network. The angiographic sequence would be as follows: filling of the fine
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choroidal vessels and polyps with early choroidal vascular hyperfluorescence when the
dye flows through the network of anomalous vessels. This fluorescence is maintained
over time and disappears as the dye washes out in the late phases, in the presence of
polypoidal lesions without active leakage (Figure 18).

WASH OUT

Figure 18. Patient diagnosed with IPCV subjected to laser treatment in the macular
area. Scantly active polyps persist at inferior temporal arcade level, evidencing dye
washout in the last phases of the angiogram. The angiographic sequence would be as
follows: filling of the fine choroidal vessels and polyps with early choroidal vascular
hyperfluorescence when the dye flows through the network of anomalous vessels. This
fluorescence is maintained over time and disappears as the dye washes out in the late
phases, in the presence of polypoidal lesions without active leakage.

Guidelines have recently been published for the clinical diagnosis and treatment of IPCV
(39) 'in which ICGA is regarded as the gold standard for the diagnosis of this disorder.
This panel of experts considers that such angiography should be performed when routine
ophthalmoscopic examination indicates a serosanguineous maculopathy with one of the
following features:

e Red-orange subretinal nodules visible with the ophthalmoscope.
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e Spontaneous massive subretinal hemorrhage.
e Notched or hemorrhagic PED.
e Occlusion of polyps with lowresponse rate to anti-VEGF therapy.

In conclusion, ICGA is the gold standard for diagnosis of IPCV, which is defined as the
presence of single or multiple focal nodular areas of hyperfluorescence arising from the
choroidal circulation within the first 6 minutes after injection of ICG, with or without an
associated BVN{139),

These authors propose algorithms for both the diagnosis and the treatment of the
disease. IPCV may be classified clinically as: quiescent (polyps in the absence of
subretinal or intraretinal fluid or haemorrhage), exudative (exudation without
haemorrhage, which includes variously sensory retinal thickening, neurosensory
detachment, PED, and subretinal lipid exudation) or hemorrhagic (any subretinal or sub-
RPR haemorrhage with or without other exudative characteristics). Treatment should be
initiated for active and symptomatic IPCV, and can be considered for active
asymptomatic presentations (Figure 19).

Figure 19. Treatment should be initiated for active and symptomatic IPCV, and can be
considered for active asymptomatic presentations. The figure shows both eyes of the
same patient. (A) The patient is symptomatic, with a visual acuity of 0.6 in the right eye.
The polypoidal lesions can be observed with ICGA, and retinal thickening and intraretinal
cysts can be seen by OCT. (B) The patient maintains a visual acuity of 1.0 in the left eye.
ICGA shows a peripapillary polyp, likewise visible in the OCT acquisition, but there is no
retinal edema, and the patient therefore remains asymptomatic.

ICGA is necessary not only for the diagnosis but also for continuous monitoring of the
disease, which may present polyp relapse or the appearance of new polyps from the
BVN, with phases of quiescence, exudation or hemorrhage (Figure 20).
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Figure 20. ICGA is necessary not only for the diagnosis but also for continuous
monitoring of the disease, which may present polyp relapse or the appearance of new
polyps from the BVN, with phases of quiescence, exudation or hemorrhage. (A) Late
phases of FA showing the hyperfluorescent PEDs. (B) ICGA image. (B1 and B2) Only the
PEDs are seen, and the BVN alteration is noted in early phases with ICGA. (B3 and B4)
Formation of polyps from the BVN, visible with ICGA 6 months later.

Focal photocoagulation with ICGA-guided thermal laser still plays a role in the treatment
of extrafoveal polyps, but it is not recommended in application to juxta- or subfoveal
lesions(139,140). In these cases, PDT has been the treatment of choice, with
maintenance or improvement of patient visual acuity in 80-95% of the cases(141-146)
(Figure 21).

FOCAL PHOTOCOAGULATION

Figure 21. Focal photocoagulation with ICGA-guided thermal laser still plays a role in
the treatment of extrafoveal polyps, but it is not recommended in application to juxta- or
subfoveal lesions. (B) Resolution of the polyps with atrophy scarring secondary to
thermal laser in extrafoveal polyps at inferior temporal arcade level and after PDT at
macular level. OCT shows resolution of the retinal thickening, with disappearance of the
hard exudate.

However, long-term follow-up studies have described frequent recurrences after pDT(142.

147) |n some cases PDT is unable to fully occlude the polyps, though in other cases
persistence of the BVN can give rise to new active polypoidal lesions. As a result,
periodic controls with ICGA are needed during follow-up to determine whether there are
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persistent or recurrent lesions with polyps or BVN.

Although recurrence and retreatments do not seem to decrease best corrected visual
acuity, long-term studies are still needed in order to evaluate the efficacy and safety of
PDT treatment of IPVC{142) PDT can modified the natural progression of the polypoidal
CNV as a result of ischemia and increased VEGF expression@.

After the introduction of anti-VEGF therapy, different studies reported the efficacy of
combined treatment with PDT and anti-VEGF agents for Ipcv{149.150) 55 well as the way
to minimize the complications associated with the use of PDT, and the need to use
selective(151) or with reduced fluence PDT(132),

The Everest study@ concluded that V-PDT combined with ranibizumab 0.5 mg or
alone was superior to ranibizumab monotherapy. In our own experience with long-term
patient foIIow-up@, the association of ICGA-guided PDT for the occlusive therapy of
polyps and intravitreous ranibizumab is effective in prolonging the recurrence-free

interval, as well as in maintaining good visual acuity (Figure 22).
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Figure 22. The association of ICGA-guided PDT for the occlusive therapy of polyps and
intravitreous ranibizumab is effective in prolonging the recurrence-free interval, as well
as in maintaining good visual acuity. Patient with a single juxtapapillary polyp associated
to a large PED at macular level. Three PDT sessions are performed (A, B and C), without
resolution of the condition. Indeed, worsening is noted, with the appearance of
neurosensory detachment of the fovea (C). At the time where the polyp is not visualized
by ICGA, and since the PED persists, three intravitreous injections of ranibizumab are
administered, followed by resolution of the condition (E). The patient remained stable,
with a visual acuity of 20/20 until month 36 of follow up.

Although the efficacy and safety of PDT and ranibizumab versus PDT and bevacizumab
remain to be established, the experts have concluded23) that PDT with standard fluence
guided by ICGA with or without the combination of three intravitreous injections of
ranibizumab 0.5 mg on a monthly basis is the most widely recommended treatment for
this disease. ICGA-guided thermal laser photocoagulation can be considered for
extrafoveal polyps.

The use of ICGA is very important for guiding laser treatment and PDT, both as regards
the indication of such treatments and to minimize the spot size. This in turn contributes
to limit as far as possible the risk of atrophy and other side effects derived from the
multiple treatments usually required in the long-term follow-up of these patients.

A study with ICGA may in some cases help to unmask patients purportedly refractory to
anti-VEGF therapy@, because it allows a precise diagnosis and adequate treatment
indication.

ICGA will retain a key role in the management of PCV because of its ability to better
identify polyps although SS-OCTA is effective at detecting vascular network{126),
However, SS-OCTA may be more sensitive than SD-OCT in detecting early recurrence.

On the other hand, the combination of En Face and cross-sectional OCTA images
provides anatomical information about polypoidal structures that is comparable to ICGA.
OCTA is safe and can provide supplementary information but due to its limitations it does
not replace ICGA in a clinical setting nowadaysw.
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