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Background and Purpose: The hypofluorescence of fundus lesions observed during the late phase of
indocyanine green angiography (ICGA) in various diseases has often been overlooked or misinterpreted. This
article explores the significance of fundus lesions that are initially isofluorescent during the early phase of ICGA
but become hypofluorescent later in the examination.

Findings: Pathologies such as multiple evanescent white spot syndrome, acute posterior placoid syphilitic
chorioretinitis, chronic central serous chorioretinopathy, choroidal hemangioma, and some fundus with drusen,
present this phenomenon of late hypofluorescence.

Interpretation: The interpretation of ICGA images and the role of indocyanine green (ICG) uptake by the
retinal pigment epithelium (RPE) in late fundus fluorescence is debated. Experimental evidence suggests that ICG
accumulates progressively in the RPE after intravenous injection of the dye or after direct contact in vitro, making
it a potential marker of RPE activity. Although the exact mechanisms of ICG diffusion through the choroid and its
binding to the RPE require further investigation, the late hypofluorescence observed in certain ICGA diseases
provides information on different modalities of RPE dysfunction.
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Academy of Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
The significance of the hypofluorescence of fundus lesions
appearing only during the very late phase of indocyanine
green angiography (LP-ICGA) in various diseases has often
been overlooked or misinterpreted.

Lesions that are hypofluorescent during the early phase
of angiography and remain hypofluorescent throughout the
sequence can be ascribed to a choroidal perfusion defect.

However, this interpretation does not apply to fundus
lesions that are isofluorescent during the early phase of
indocyanine green angiography (ICGA) and only become
hypofluorescent later during the examination. This is the
case in very different diseases such as multiple evanescent
white dot syndrome (MEWDS), acute syphilitic posterior
placoid chorioretinitis (ASPPC), chronic central serous
chorioretinopathy (CSCR), and choroidal hemangiomas.

The use of ICGA was introduced in clinical practice in
the 1970s to image the choroidal circulation because the
near-infrared light used to stimulate its fluorescence pene-
trates, better than the blue light, through the retinal pigment
epithelium (RPE) and choroidal pigment. The fact that the
fluorophore did not freely leak out of the choriocapillaris
allowed visualization of the main choroidal vessels, which
was considered important; in contrast, fluorescein sodium
leaks freely, masking the outer choroid (for a review of the
basic properties of indocyanine green [ICG] and the his-
torical contributions of ICGA, see Flower et al1).
ª 2024 Published by Elsevier Inc. on behalf of the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Scanning laser ophthalmoscopy has improved the
acquisition speed of fundus images and their resolution,
making ICGA a routine examination. More recently, the use
of scanning laser ophthalmoscopy with ultrawidefield ICGA
has enhanced its value.

Indocyanine green angiographywas initially used to improve
the detection of choroidal newvessels (CNVs), in particular type
1 CNVs and polypoidal choroidal vasculopathy. In comparison,
its use to diagnose choroidal hemangiomas, a choroidal in-
flammatory disease, or CSCR was marginal.2

As OCT has become the first-line method for the diag-
nosis of CNV and even polypoidal choroidal vasculopathy,
the value of ICGA in age-related macular degeneration
(AMD) has been reduced. However, it is regaining
increasing interest in inflammatory and infectious fundus
diseases, CSCR and pachychoroid, various rare diseases,
and is still useful for diagnosing choroidal hemangioma.3

The interpretation of ICGA images is mainly focused on
the presence of an early or late hyperfluorescence. The
presence of an early hypofluorescence has been considered a
good sign of choriocapillaris hypoperfusion. Here, we dis-
cussed the interpretation of fundus lesions that are specif-
ically hypofluorescent only on LP-ICGA in various
diseases.

For example, acute fundus diseases such as MEWDS and
ASPPC are characterized by an ICGA sequence with
1https://doi.org/10.1016/j.xops.2023.100406
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unremarkable fundus fluorescence during the first few
minutes after intravenous dye injection, but the fundus
lesions become progressively hypofluorescent compared
with the surrounding fundus, with contrast peaking after
30 minutes. In some chronic or long-standing diseases such
as CSCR or choroidal hemangioma, the lesion is hyper-
fluorescent during the middle phase of ICGA but becomes
progressively hypofluorescent. Finally, in some cases of
intermediate AMD with drusen, the posterior pole becomes
progressively hypofluorescent on LP-ICGA.

This occurrence of a late hypofluorescence on ICGA in
such disparate diseases is intriguing, given that an early
fluorescence is normal, and no consensus explanation has
been proposed. The aim of this article was to try to elucidate
the pathogenesis of this late hypofluorescence.
ICG Uptake by the RPE

Indocyanine green internalization by RPE cells has been
investigated in vivo in human and monkey eyes by Chang
et al in 1998.4 Frozen histological samples were examined
under an x-ray fluorescence microscope with a barrier
filter to record ICG fluorescence. A human eye enucleated
for melanoma 40 minutes after intravenous injection of
ICG showed a strongly fluorescent RPEeBruch’s
membrane complex. Three monkey eyes were also studied
histologically 7, 15, and 50 minutes after ICG injection.

During the early phase, the lumen of the retinal and
choroidal vessels was fluorescent, and the vascular endo-
thelium was strongly fluorescent. Bruch’s membrane and
the basal surface of the RPE were brightly fluorescent,
whereas the fluorescence did not reach the apical pole of
RPE cells. A faint fluorescence was also seen in the extra-
vascular choroidal stroma. During the middle phase, the
Bruch’s membraneeRPE complex was uniformly fluores-
cent. During the late phase, the Bruch’s membraneeRPE
complex was brightly fluorescent, whereas no fluorescence
was seen in the vascular lumen, and only a faint fluores-
cence was observed in the vascular endothelium or
choroidal stroma.

The authors concluded for the first time that ICG accu-
mulation in the RPE contributes to the late fluorescence of
the fundus seen on ICGA.

In another publication, a CNV sample surgically excised
from the subretinal space was studied after intravenous in-
jection of ICG. Only the RPE was strongly fluorescent,
whereas it was not the case for the new vessels.5

Pankova et al6 studied rat fundus fluorescence and the
histological location of ICG between 2 and 28 days after
its intravenous injection. They noted that the fundus
remained fluorescent for up to 28 days, and that the
higher the initial dose of ICG used for angiography was,
the brighter the fluorescent signal was. On histology, the
RPE layer was strongly fluorescent. Interestingly, when
sodium iodate (NaIO3), known to be toxic for RPE cells,
was injected before ICG injection, no fundus fluorescence
appeared. The authors hypothesized that the RPE
fluorescence seen on LP-ICGA could be due to the
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binding of the dye to lipoproteins and its uptake by lipo-
protein receptors at the basolateral surface of the RPE.

Tam et al7 have used noninvasive adaptive optics enhanced
ICG ophthalmoscopy to localize ICG fluorescence in human
RPE cells in vivo. They observed fluorescent hexagonal
structures 20 to 120 minutes after intravenous injection of
ICG, consistent with the expected size of RPE cells.
Adaptive optics dark-field imaging confirmed that these cells
were indeed RPE cells (Fig 1). This imaging technique
has also been used in mice, in which the histology
confirmed that ICG accumulates in the RPE after
systemic injection.

The affinity of ICG for RPE cells has also been
confirmed ex vivo. Chang et al8 incubated cultured human
RPE cells with ICG and showed that they were
fluorescent by infrared fluorescence microscopy. Pankova
et al6 incubated fresh RPE monolayers with ICG ex vivo
and showed ICG internalization by RPE cells.
Interestingly, after its permeabilization by sodium iodate,
the RPE released ICG into solution and reverted to
colorless.

Thus, a large body of experimental data obtained in
humans and animals supports the fact that the RPE pro-
gressively internalizes ICG after intravenous injection. The
RPE staining persists for several days to weeks. Histological
findings confirmed a specific RPE staining, whereas ICG
rapidly disappears from the choroidal circulation and
stroma. Ex vivo, the RPE staining in culture identified some
mechanisms underlying the entry of ICG into RPE cells.

Indocyanine green is a large molecule with a molecular
weight of 775 daltons that emits fluorescence when excited
at 790 to 805 nm. It is an amphiphilic molecule that binds
strongly to high-density lipoproteins (HDLs) but moderately
to low-density lipoproteins (LDLs). Indocyanine green does
not bind to esterified cholesterol and unesterified choles-
terol, or triacylglycerol.9 It was initially thought that ICG
bound to serum albumin.10 Subsequently, Yoneya et al9

confirmed a previous work showing that 80% of ICG was
bound to lipoproteins, and only 20% to albumin, in the
blood;11 they also showed that ICG bound strongly to
HDL and moderately to LDL, with phospholipids being
the binding site, in the blood.

Circulating LDLs are internalized by the RPE. It has been
shown that HDLs and LDLs enter the basolateral surface of
the RPE via the class B scavenger receptors and low-density
lipoprotein receptor at the RPE plasma membrane.12 When
ICG is bound to lipoproteins, it is likely that it is internalized
in the RPE together with these lipoproteins. It could be
assumed that ICGA allows monitoring of the intracellular
trafficking of albumin and HDL, which are the 2 main
proteins bound to ICG. Retinal pigment epithelium cells
could internalize HDL through vesicular transports after
binding to class B scavenger receptors, which is a mecha-
nism to deliver xanthophylls to the retina.13 Plasma
lipoproteins that deliver lipophilic essentials, including
vitamins E and A, lutein, and unesterified cholesterol,
enter the basolateral RPE through caveolin-mediated trans-
cytosis because caveolin-1 is highly expressed by RPE
cells.14 Moreover, Tserentsoodol et al15 have observed
fluorescently labeled LDL and HDL in the photoreceptor



Figure 1. In vivo imaging of the retinal pigment epithelium (RPE) using adaptive optics enhanced indocyanine green (ICG) ophthalmoscopy. The same
region was imaged at 2 different times after intravenous injection of ICG dye (20 and 120 minutes, respectively), using different fields of view, showing the
mosaic formed by the individual fluorescence of the RPE cells. Dye uptake was stable and lasted � 120 minutes. Scale bar: 50 mm. Images courtesy of Tam
et al.7
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outer segments 4 hours after intravenous injection in rats.
Thus, the failure of the RPE to uptake ICG in some
pathological conditions could be a marker of RPE
dysfunction.

This knowledge about the physical properties and diffu-
sion of ICG through the choroid, and its binding to the RPE
during angiography in normal eyes, could help to better un-
derstand the hypofluorescence occurring during the late phase
of ICGA in various diseases. Thus, it is possible to revisit the
significance of the late hypofluorescence seen on ICGA
based on these experimental and biochemical findings.
MEWDS

Multiple evanescent white dot syndrome was first described
by Lee Jampol et al16 in 1984 as the presence of multiple
white dots at the RPE or the deep retina, with a markedly
abnormal cone and rod function early in the course of the
disease. Indocyanine green angiography findings were first
reported by Ie et al17 who reported a hypofluorescence of
the spots, which appeared about 10 minutes after ICG
injection and persisted throughout the 40-minute phase.
They noted the discrepancy between the absence of a
hypofluorescence on fluorescein angiography (FA) and the
presence of a hypofluorescence on ICGA, as well as the
unexpected delay in the onset of this hypofluorescence.
Nevertheless, they concluded that these hypofluorescent
spots represented inflammatory lesions in the choroid. Since
this initial observation, the interpretation of the hypofluor-
escence of MEWDS spots on LP-ICGA has alternated be-
tween a choriocapillaris nonperfusion and the primary
involvement of the RPE and photoreceptors.

Until 2006, publications based on ICGA have supported the
explanation that these hypofluorescent dots were due to a
choroidal hypoperfusion,17e20 or to an initial RPE impairment
with secondary choriocapillaris hypoperfusion.21,22

In 2008, Sikorski et al23 were the first to suggest that
MEWDS lesions did not represent inflammatory choroidal
lesions, but instead an alteration of the RPE-photoreceptor
complex, based on multimodal imaging, including FA,
ICGA, and spectral-domain OCT. A well-argued study by
Pichi et al24 in 2016, based on multimodal imaging,
including OCT angiography, came to the same conclusion.
The authors stressed that the hypofluorescence seen on
LP-ICGA was difficult to explain given the normal
appearance of the choriocapillaris on OCT angiography.
They suggested that MEWDS could be a “photo-
receptoritis,” with secondary involvement of the RPE,
resulting in a deficit in ICG uptake by RPE cells that
accounted for the hypofluorescent spots. The absence of
choriocapillaris nonperfusion on OCT angiography was
confirmed by others.25e28 Gaudric and Mrejen29 compared
fluorescein and ICG dynamics to OCT findings in acute
posterior multifocal placoid epitheliopathy and MEWDS
and came to the conclusion that MEWDS is a primary
pigment epitheliopathy, which appears as a reversible,
nondestructive dysfunction of the RPE. The dark spots
seen on LP-ICGA could be due to the lack of internaliza-
tion of ICG by the RPE from the choroid at the dots, this
type of dysfunction being detrimental to the photoreceptors
(Fig 2).

Interestingly, Zicarelli et al28 found that the dark dots
were still visible without dye reinjection 48 hours after the
initial intravenous injection of ICG. They also detected
hypofluorescent dots by near-infrared autofluorescence at
the same location as the dark dots seen on LP-ICGA. They
suggested that the photoreceptor alterations characterizing
MEWDS could be secondary to RPE dysfunction involving
melanosome rearrangements.

To date, there is no consensus on the initially damaged
cell layer in MEWDS, nor an explanation for the unusual
ICGA sequence with isofluorescent spots during the initial
phase that become progressively hypofluorescent to reach a
maximum on LP-ICGA. It cannot be excluded that photo-
receptors are primarily impaired, and they are indeed altered
on OCT, but the typical hypofluorescence of the dots on LP-
ICGA implies an RPE impairment.
3



Figure 2. Multiple evanescent white dot syndrome. A, Color photography showing the white dots. B, Blue fundus autofluorescence showing the auto-
fluorescence of the dots, corresponding to the attenuation or loss of the photoreceptor (PR) outer segments shown in (H). C, Midphase fluorescein
angiography by hypertransmission through altered outer segments. D, Normal early indocyanine green angiography (ICGA). E, Late-phase (LP-ICGA, 34
minutes) showing the hypofluorescence of the white dots. F, Three months later, normalization of the late phase of ICGA, without retinal pigment
epithelium (RPE) scarring. G, H, Correlation between the dark dots seen on LP-ICGA (G) and on the OCT B-scan. In the foveal center, interruption of
the ellipsoid zone (EZ) and interdigitation zone (IZ), and vertical linear hyperreflectivity in the outer nuclear layer (arrow), corresponding to a dark spot seen
on LP-ICGA in G. h, Magnification of a detail of the OCT B-scan corresponding to the white inserts seen in G and H, showing the dislocation of the EZ
and the loss of the IZ in the areas of dark dots seen on ICGA. Acute RPE dysfunction results in visible disturbances of the PR on OCT, while the RPE
appears normal, although dysfunctional, on ICGA. It cannot be excluded that photoreceptors are primarily impaired, and they are indeed altered on OCT,
but the typical hypofluorescence of the dots on LP-ICGA implies an RPE impairment.
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We therefore hypothesized that the RPE transiently loses its
ability to internalize ICG, which is spontaneously restored after
a few weeks, without scar formation in the RPE, indicating the
absence of RPE cell death. The presence of a blue hyper-
autofluorescence could be explained by the loss of photore-
ceptor outer segments unmasking the normal fluorescence of
the RPE that has not lost its autofluorescent bisretinoid load.
4

ASPPC

Acute syphilitic posterior placoid chorioretinitis is a rare
manifestation of ocular syphilis. First described by De
Souza et al30 in 1988, it has been characterized by Gass31 as
“a large yellowish placoid lesion in the RPE in the macula
and juxtapapillary zone.” Although ASPPC has been



Figure 3. Syphilitic placoid. A, Blue fundus autofluorescence showing a hyperautofluorescent plaque occupying the entire posterior pole. B, Fluorescein
angiography, venous phase, showing a homogeneous filling of the choriocapillaris. Fluorescein angiography, late phase, showing a staining of the plaque and
a disc hyperfluorescence. D, E, Indocyanine green angiography (ICGA). The early phase in D, only shows a blockage of the fluorescence at the border of the
plaque. During the late phase (30 minutes) in E, the plaque is mainly hypofluorescent. F, OCT B-scan passing through the macula corresponding to late-
phase ICGA (green arrow) showing the loss of ellipsoid zone (arrowhead) and retinal pigment epithelium irregularities.
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described in detail in recent years, its pathogenesis is not
fully understood, and the question of whether the
choriocapillaris, the RPE, or the photoreceptors are
primarily involved remains unclear. It has been
hypothesized that the presence of Treponema pallidum in
the choriocapillaris could lead to an inflammatory reaction
or antibody release and secondary focal ischemia in the
choriocapillaris.32e34 However, although a choriocapillaris
occlusion or hypoperfusion is often cited as a possible cause
in the literature, this hypothesis is poorly supported. As
suggested by Matsumoto and Spaide,35 the choriocapillaris
perfusion is normal on FA, and the presence of some
hypofluorescent foci could be due to a blocked
fluorescence caused by clumps of yellowish material at
the RPE rather than a choriocapillaris nonperfusion.

The use of ICGA has not contributed significantly to
elucidating the pathogenesis of ASPPC until recently.36

After a first publication by Bellmann in 1999,37 a few
cases have been reported. All reports have noted a
hypofluorescence of the lesion, but often during both
the early and late phases of ICGA.33,38e41 In a large
series of 53 eyes, Yang et al42 in 2015 distinguished
cases with a hypofluorescence only seen on LP-ICGA
from other cases. Hussnain et al43 in 2019 were the
first to note that the placoid lesions were remarkable
in terms of late hypofluorescence on ICGA, and a
comparison has been made subsequently with the late
hypofluorescence observed in MEWDS.27,44 In all
these publications, the interpretation of ICGA
suggested that a choroidal hypoperfusion was the
cause of the RPE disturbances and photoreceptor
impairment seen on OCT in ASPPC.
However, in a series of 15 eyes studied based on multi-
modal imaging, including systematically with LP-ICGA,
Villaret et al36 showed that placoid lesions were all
hyperautofluorescent, and that the ellipsoid zone as well as
the interdigitation zone were disrupted in the placoid area.
This suggests that the hyperautofluorescence of the
placoid could be due to the unmasking of the RPE
autofluorescence caused by the absence of photoreceptor
outer segments.45 A normal choroidal filling was seen
during the early phase of FA and ICGA. The dark spots
observed in the placoid area were due to RPE
granulations, observed on OCT, that were focally masking
the choroidal fluorescence. A delayed choriocapillaris
filling would have induced an early, patchy
hypofluorescence on FA that would have also been visible
on ICGA.29,46e49

Although ASPPC and MEWDS are different in nature,
they share similar characteristics on multimodal imaging:
white/yellow patches on color fundus photography, hyper-
autofluorescence on blue-light fundus autofluorescence
(BAF), normal choriocapillaris perfusion on FA and ICGA,
ellipsoid zone disruption and outer retinal hyperreflectivity
on spectral-domain OCT, and hypofluorescence on LP-
ICGA. However, these diseases differ during the late stage
of FA, with no leakage seen in MEWDS, whereas a leakage,
or at least RPE staining, is seen in ASPPC, meaning that the
RPE involvement in ASPPC is associated with some degree
of outer blood-retinal barrier alteration. It is likely that, as in
MEWDS, the RPE transiently loses its ability to internalize
ICG (Fig 3), a function that is restored after antibiotic
treatment. With prompt treatment, no or minimal scarring
is observed in ASPPC.
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Figure 4. Chronic central serous chorioretinopathy (CRSC). A, Blue fundus autofluorescence (BFAF): the yellow arrow shows 2 small foci of hypo-
autofluorescence; the white arrow shows no change in BFAF. B, Midphase fluorescein angiography where the yellow arrow shows faint hyperfluorescent
spots, while the white arrow shows the absence of abnormal fluorescence. C, Midphase indocyanine green angiography (ICGA; 15 minutes) showing dilated
choroidal veins, several hyperfluorescent choroidal plaques, 2 of them being marked by arrows. D, Late-phase ICGA (30 minutes) showing that the
hyperfluorescent plaques seen in (C) became hypofluorescent (arrows) and correspond to shallow focal pigment epithelium detachments on the OCT B-scan
shown in (E), corresponding to the green line in (D).
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CSCR

Indocyanine green angiography was first used in CSCR by
Hayashi et al50 in 1986. They showed what they assumed to
be a hyperpermeability of the choroidal circulation at the
RPE leaks, visible on FA or elsewhere, and focal areas of
choroidal hypoperfusion. Similar observations have
subsequently been reported.51e53 Of note, Guyer et al52

reported an additional interesting finding, namely, lesions
showing early hyperfluorescence and late
hypofluorescence on ICGA which could correspond to
occult pigment epithelium detachments. Prünte et al54 first
pointed out that CSCR could be caused by choroidal vein
congestion, resulting in foci of choriocapillaris filling
delay. They noted that early/midphase patches of
choroidal hyperfluorescence disappeared during the ICGA
sequence, but they did not discuss the foci of late
hypofluorescence. Little attention was paid to these
hypofluorescent foci or plaques seen on LP-ICGA until
the publications by Shinojima et al,55,56 who noted that
these foci corresponded to discrete irregularities or
6

atrophic changes in the RPE. The absence of late ICG
fluorescence of these plaques has been attributed to an
irregular accumulation of lipids, such as neutral lipids and
phospholipids in the Bruch’s membrane, preventing
inward diffusion of ICG toward the RPE cells.55 Another
explanation could involve a focal dysfunction of a cluster
of RPE cells that were unable to internalize ICG, and thus
remain hypofluorescent compared with the surrounding
healthy RPE that becomes fluorescent on LP-ICGA.56

More recently, Bousquet et al57 studied the factors
associated with midphase hyperfluorescent plaques
(MPHPs). They found that areas with MPHPs were more
frequently associated with abnormalities in the RPE layer
on spectral-domain OCT than with the presence of dilated
veins, and assumed that MPHPs could result from an
excessive accumulation of ICG either within the abnormal
RPE, or in sub-RPE deposits. Finding an explanation is even
more difficult, as the aspect of these hypofluorescent pla-
ques varies depending on the imaging technique used. On
BAF, they may correspond to a hyper-, iso- or hypofluor-
escence, whereas on FA, they may or may not correspond to



Figure 5. Choroidal hemangioma. A, Blue fundus autofluorescence
showing the hyperautofluorescence of the hemangioma (arrow), sur-
rounded by an area of hyperautofluorescence. B, Near-infrared auto-
fluorescence showing a hypofluorescence at the hemangioma (arrow) and
in the surrounding area, suggesting a loss of melanin in the retinal pigment
epithelium (RPE). C, Indocyanine green angiography (ICGA), arterio-
venous time, showing a delayed filling of the hemangioma vasculature.
D, Midphase ICGA (10 minutes) showing an intense staining of the
hemangioma while the surrounding choroid is normally fluorescent. E,
Late-phase ICGA (45 minutes). The late hypofluorescence of the tumor
could be due to the lack of ICG uptake by the RPE, as for the surrounding
hypofluorescence of the serous retinal detachment and gravitational tracks.
F, OCT B-scan showing the volume of the choroidal hemangioma overlaid
by a cystoid retinal degeneration and surrounded by a shallow serous retinal
detachment.
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a leaking point. At this time, there is no consensus expla-
nation for why the MPHPs become deeply hypofluorescent
on LP-ICGA. However, the more likely explanation is that
during the middle phase, the hyperfluorescence is due to a
hyperpermeability or dilation of the choriocapillaris asso-
ciated with choroidal vein dilation. Throughout the ICGA
sequence, the dye disappears from the choroidal vascular
lumen and the choroidal stroma. The nature of the pro-
gressive, late hypofluorescence is different. It could be due
to a functional alteration of the RPE secondary to foci of
choroidal hyperpermeability. Note that at this level, the RPE
is often slightly detached from the Bruch’s membrane, a
sign referred to as flat irregular pigment epithelium
detachment58 (Fig 4). On BAF, they rarely correspond to a
hypofluorescent area, which could suggest localized RPE
atrophy. In fact, these hypofluorescent plaques seen on
LP-ICGA more likely correspond to a localized RPE
dysfunction.59

Choroidal Hemangioma

The ICGA pattern of choroidal hemangioma was first
described by C. Shields et al.60 They reported that during
LP-ICGA, the tumor that was initially hyperfluorescent
became hypofluorescent, as if the dye had “washed out.”
The term “washout” was used again by Arevalo et al61 and
is now systematically used to describe the specific ICGA
sequence characteristic of choroidal hemangiomas.
However, this concept may be questioned. Indeed, there is
no doubt that the vascular network of the choroidal
hemangioma fills more slowly than the adjacent
choriocapillaris, and that the dye persists for longer and is
eliminated very progressively. Ultimately, the tumor
should be isofluorescent with the rest of the choroid.
There is no valid reason for it to be less fluorescent.
Another explanation should therefore be proposed. When
LP-ICGA findings are compared with the autofluorescence
of these cases, it is striking to note that the “washout” image
superimposes perfectly with the hyperautofluorescence of
the tumor. It is likely that during the middle phase of ICGA,
the hemangioma is brightly fluorescent, probably because
the dye circulates slowly through the dense and thick vol-
ume of abnormal vessels forming the tumor and probably
the staining of their wall. The washout is thus progressive,
but this does not in itself explain the late hypofluorescence.
Indeed, at best, the hemangioma should become iso-
fluorescent with the rest of the fundus once the dye has been
completely cleared. The most likely hypothesis is that the
RPE overlying the tumor could be too damaged to be able to
uptake ICG (Fig 5). The term “washout” is thus inadequate
to describe this aspect on LP-ICGA.

Drusen

In 1992, Scheider and Neuhauser62 were the first to show
in elderly patients that some confluent drusen were
hypofluorescent on LP-ICGA. Arnold et al63

subsequently showed that hard drusen were
hyperfluorescent, whereas soft drusen were
hypofluorescent, on LP-ICGA, and have hypothesized
that this could be due to a masking of the underlying
choroidal circulation. Shiraki et al64 examined 91 eyes of
85 patients aged � 50 years without soft drusen and
found hypofluorescent spots on LP-ICGA across the pos-
terior pole in 20% of cases. In 2002, Mori et al65 used
ultralate-phase ICGA (24 hours after dye injection) and
observed hypofluorescent geographic lesions in the mac-
ula. They suggested for the first time that they could
delineate the biodistribution of neutral lipids in the Bruch’s
membrane. Thereafter, ICGA has been little used in drusen,
until the hypofluorescence of certain drusen seen on ICGA
7



Figure 6. Drusen. A, Color photography showing medium size drusen without pigment nor atrophy. B, Blue fundus autofluorescence showing a faint
hyperautofluorescence of some drusen. C, Fluorescein angiography showing a discrete hyperfluorescence in the drusen center. DeF, Indocyanine green
angiography showing a normal early phase (A), and a discrete widespread hypofluorescence at the mid-phase (E), being more visible in the whole posterior
pole at 30 mn. G, Drusen shown on OCT B-scan.
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drew attention again. Balaratnasingam et al66 noted that the
center of large, cuticular drusen was hypofluorescent on
LP-ICGA. Furthermore, Chen et al67,68 showed in a series
of 70 fellow eyes of AMD patients with soft drusen that all
eyes showed concomitant, age-related, scattered hypofluor-
escent spots on LP-ICGA. In another series of 87 patients
with untreated polypoidal choroidopathy, 62% of them
showed hypofluorescent spots which could be confluent on
LP-ICGA, and which did not correspond to any other
anomaly on multimodal imaging of the fundus.69 The authors
suggested that this hypofluorescence could be due to the
presence of basal linear deposits in the Bruch’s membrane
preventing ICG to reach the RPE. A similar explanation
has been proposed in a review by Chen et al,70 who
suggested that the hypofluorescent spots seen on LP-ICGA
in AMD could correspond to an exclusion of the dye that
did not bind to the main hydrophobic lipids in the Bruch’s
membrane, preventing access to the RPE. They hypothesized
that the presence of basal linear deposits containing neutral
lipids (esterified cholesterol, unesterified cholesterol, or tri-
acylglycerol) in the Bruch’s membrane could form a barrier
preventing ICG internalization by the RPE70 (Fig 6).
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However, basal linear deposits and prebasal linear de-
posits contain lipoproteins to which ICG can bind.71,72 In
any case, in these cases of drusen, either ICG cannot
reach the RPE, or the RPE, the function of which is
impaired, is unable to internalize ICG.

Thus, we found that very different diseases, whether
acute or chronic, show a hypofluorescence on LP-
ICGA, while the early phase is unremarkable. Other
imaging modalities, including color fundus photog-
raphy, BAF, and FA, may show different findings. We
suggest not to interpret the hypofluorescence occurring
only during LP-ICGA as a sign of choriocapillaris flow
deficit, but rather as the inability of the RPE to inter-
nalize ICG bound to proteins, in particular lipoproteins.
In several diseases, it could be considered a marker of
RPE dysfunction. Further studies are needed to better
assess its usefulness.
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