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Aim: To evaluate the distribution of fundus autofluorescence in patients with age-related macular
degeneration and choroidal neovascularisation (CNV).

Methods: Colour fundus photographs, fundus fluorescein angiograms (FFA) and fundus autofluorescence
images were obtained from a group of 40 patients (43 eyes) with age-related macular degeneration and
purely classic or occult CNV. Only patients with newly diagnosed CNV and in whom autofluorescence
images were obtained within 2 weeks from FFA were included. The distribution of autofluorescence was
qualitatively evaluated, and the findings compared with those from colour fundus photographs and FFA.
Results: 29 (67%) eyes had classic CNV and 14 (33%) had occult CNV. In 26 (90%) eyes with classic CNV, @
low autofluorescence signal was detected at the site of the CNV; in 7 (50%) eyes with occult CNV, multiple foci
of low autofluorescence signal were detected. Outside the area affected by the lesion, homogeneous
autofluorescence was observed in most of the cases (n=33, 77%). Similarly, homogeneous autofluorescence
was commonly observed in fellow eyes (62%). A pattern of focal increased autofluorescence was rarely seen
in eyes with CNV (n=4, 9%) or in fellow eyes (n=4, 15%). In 11 of 43 (25%) eyes, areas of increased
autofluorescence, other than a pattern of focal increased autofluorescence, were detected. In four patients,
autofluorescence images had been obtained before the development of CNV; in none was any increased
autofluorescence detected before the formation of CNV.

Conclusions: Distinct patterns of autofluorescence were observed in eyes with pure classic and occult CNV.
Increased autofluorescence was rarely seen in eyes with CNV and in fellow eyes, suggesting that increased
autofluorescence, and thus, retinal pigment epithelium lipofuscin, may not play an essential part in the
formation of CNV.

visual loss in patients with age-related macular degen-

eration (AMD). On the basis of fundus fluorescein
angiography (FFA), CNV has been classified as classic (early,
well-defined hyperfluorescence and late leakage blurring the
CNV margins) or occult (ill-defined and irregular stippled
hyperfluorescence or late leakage of undetermined source).'
Histopathological studies have shown that most classic CNV
grows through the retinal pigment epithelium (RPE) into the
subretinal space, whereas most occult CNV remains underneath
the RPE.” These histopathological findings have been replicated
using optical coherence tomography (OCT) imaging.’ Although
visual loss occurs more rapidly in patients with classic CNV
compared with those with occult CNV,** classic CNV has been
shown to respond better to different modalities of treatment.

The pathogenesis of AMD is complex. To date, accumulating
evidence suggests an important role of lipofuscin in RPE cell
dysfunction and cell loss and, thus, in the development of
geographical atrophy (reviewed by Zarbin’). RPE lipofuscin
seems to derive predominantly from incomplete digestion of
outer segments of photoreceptors.® * Lipofuscin accumulates in
the RPE with age®' and in a variety of retinal diseases,
including AMD.""" The main fluorophore of lipofuscin is N-
retinylidene N-retinyl ethanolamine (A2E)."* A2E inhibits
lysosomal digestion of proteins, causes blue light-mediated cell
damage and may play a part in the induction of RPE
apoptosis.”™” The role of increased RPE lipofuscin in the
development of CNV has not been investigated.

It is now possible to obtain images of fundus autofluores-
cence using a confocal scanning laser ophthalmoscope.'® The
autofluorescence signal is believed to derive predominantly
from lipofuscin in the RPE."” Autofluorescence images have

C horoidal neovascularisation (CNV) is the primary cause of

been used to study the role of RPE lipofuscin in the
development of geographical atrophy.”® Limited data exist on
fundus autofluorescence findings in eyes with CNV. Dandekar
et al’' have recently published their findings on the distribution
of autofluorescence in patients at various stages of the
evolution of CNV and those with disciform lesions. They found
that patients with CNV of a “recent onset” had normal areas of
autofluorescence, implying that, at least initially in the course
of the disorder, the RPE may be viable. Reduced autofluores-
cence was found in most patients with longstanding lesions at
the site of the CNV.

The purpose of this study was to evaluate the distribution of
autofluorescence in a selected group of patients with AMD and
CNV, to gain knowledge on the pathogenesis of this condition
and to investigate the possible role of RPE lipofuscin in the
formation of CNV.

METHODS

Patients

All patients examined at the Medical Retina Clinic, Grampian
University Hospital NHS Trust, Aberdeen, UK, between July
2004 and July 2005 with 100% classic or 100% occult CNV, who
had no prior treatment and in whom autofluorescence images
had been obtained within 2 weeks from the FFA that had
shown the presence of the CNV, were included in this study. All
patients were either pseudophakic, had clear media or minimal
nuclear sclerosis. A total of 75 patients with newly diagnosed

Abbreviations: A2E, N-retinylidene N-retinyl ethanolamine; AMD, age-
related macular degeneration; CNV, choroidal neovascularisation; FFA,
fundus fluorescein angiograms; OCT, optical coherence tomography; RPE,
refinal pigment epithegiium
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CNV were imaged during this period. A total of 43 eyes from 40
patients were eligible on the basis of the above criteria and were
included in this study.

This research followed the tenets of the Declaration of
Helsinki and was approved by the Grampian University
Hospital-NHS Trust Local Research Ethics Committee.
Informed consent was obtained from all patients after full
explanation of the nature of the study.

Imaging studies

Colour fundus photographs, FFA (including stereo-pairs) and
autofluorescence images were obtained in all patients.
FFA images were obtained using a digital fundus camera
(Topcon IMAGEnet, Topcon, Rotterdam, The Netherlands).
Autofluorescence images were obtained using a Heidelberg
Retina Angiograph 2 (Haag-Streit, Harlow, Essex), which uses
an argon blue laser light with a wavelength of 488 nm for
excitation and a barrier filter with a cut-off at 500 nm to record
fundus autofluorescence. Autofluorescence images were pro-
duced using a 30° field-of-view mode. A series of 20-25 digital
images obtained and saved from each eye were averaged to
reduce noise in order to produce the final autofluorescence
image. Autofluorescence imaging was performed before FFA or
at least 2 days after FFA. Autofluorescence images were
obtained in the eyes with the CNV and in the fellow eye in
each patient.

Findings on colour fundus photographs, FFA and autofluor-
escence images were compared. The distribution of autofluor-
escence was evaluated at the site of the CNV, around the CNV
and outside the area affected by the CNV (background
autofluorescence). Autofluorescence was defined as low (auto-
fluorescence signal lower than background), high (autofluor-
escence signal higher than background) or unchanged
compared with background (autofluorescence signal indistin-
guishable from background). The distribution of autofluores-
cence outside the area affected by the CNV (background
autofluorescence) was classified, as previously described,” ** as
homogeneous, reticular (ill-defined small areas of decreased
autofluorescence surrounded by areas of increased autofluor-
escence), focal (focal areas of increased autofluorescence) or
mixed (focal and reticular patterns of autofluorescence).
Background autofluorescence in fellow eyes was also classified
based on these criteria.

Autofluorescence images were also evaluated, and findings
were described in patients in whom autofluorescence images
were available before the development of CNV.

The method recommended by Altman et al** was used to
calculate the 95% confidence intervals (CI) for the proportion of
eyes with different characteristics. Fisher’s exact test was used
to compare autofluorescence patterns in classic and occult CNV.

RESULTS

In all, 29 women and 11 men with a median age of 78 years
(mean 76 years, range 53-92 years) were included in this
study. A total of 29 eyes had 100% classic CNV and 14 eyes had
100% occult CNV, on the basis of FFA findings. Three patients
had bilateral CNVs (one patient with classic CNV in both eyes
and two patients with classic CNV in one eye and an occult CNV
in the fellow eye). Autofluorescence findings in these two
groups of CNVs (100% classic and 100% occult) and in fellow
eyes are described later.

Autofluorescence findings in eyes with classic CNV

In 26 eyes with classic CNV (90%; 95% CI 74 to 96), there was
low autofluorescence signal at the site of the CNV (fig 1A). In
10 eyes (34%; 95% CI 20 to 53), a thin halo of increased
autofluorescence signal was detected surrounding the CNV,
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which corresponded on FFA to a thin area of blocked
fluorescence around the CNV (fig 1B). In a few cases (n=3,
10%; 95% CI 4 to 26), autofluorescence at the site of the CNV
was unchanged compared with background. Immediately
surrounding the CNV, areas of variable size of low autofluor-
escence signal were detected in 19 eyes (66%; 95% CI 47 to 80).
Only in 2 (7%) eyes were areas of high autofluorescence signal
(other than the focal autofluorescence pattern) detected. These
areas corresponded to areas of subretinal fluid observed on
colour fundus photographs and FFA. Outside the area affected
by the lesion, a homogeneous pattern of autofluorescence was
observed in most of the cases (n =21, 72%; 95% CI 54 to 85),
followed by a reticular pattern of autofluorescence (n =5, 17%,
95% CI 8 to 34). Focal increased autofluorescence (other than
the ring of autofluorescence described above) was rarely
detected in eyes with classic CNV (n =3, 10%; 95% CI 4 to 26).

Avutofluorescence findings in eyes with occult CNV

In 7 eyes (50%; 95% CI 27 to 73) with occult CNV, there were
multiple foci of low autofluorescence signals where the CNV
was present (fig 2) and in 4 eyes (29%; 95% CI 12 to 55), there
was a low autofluorescence signal at the site of the CNV. In the
remaining eyes with occult CNV, autofluorescence was
unchanged compared with background in 2 eyes (14%; 95%
CI 4 to 40) and there were multiple foci of high and low
autofluorescence signals in 1 eye (7%; 95% CI 1 to 31). In 9 eyes
(64%; 95% CI 39 to 84), variable areas of high autofluorescence
signal were detected surrounding the CNV. These areas
corresponded to areas of subretinal fluid observed on colour
fundus photographs and FFA in 8 of these eyes (89%; 95% CI 56
to 98). Outside the area affected by the lesion, a homogeneous
pattern of autofluorescence was observed in most of the cases
(n=12, 86%; 95% CI 60 to 96). A reticular pattern of
autofluorescence and focal increased autofluorescence were
rarely detected in eyes with occult CNV (n=1 for each, 7%;
95% CI 1 to 31).

The difference in the autofluorescence pattern at the site of
the CNV in eyes with classic (low autofluorescence signal in 26
of 29 cases) and occult CNV (low autofluorescence signal in 4 of
14 cases) was significant (p<<0.001).

In four eyes (four patients), autofluorescence images were
available before the development of CNV. In these cases,
increased autofluorescence was not detected at the site where
the CNV later developed (fig 3A,B), or around it.

Autofluorescence findings in fellow eyes

There were 37 fellow eyes; of these, background autofluores-
cence could be classified in only 26 eyes. In 11 eyes, background
autofluorescence could not be classified because of the presence
of large disciform scars (n=38) and poor-quality images
(n=3).

In fellow eyes, homogeneous autofluorescence was the most
commonly observed pattern of autofluorescence (fig 4A), and
was detected in 16 eyes (62%; 95% CI 43 to 78). Reticular
autofluorescence (fig 4B) and areas of focal increased auto-
fluorescence (fig 4C) were seen in 6 (23%; 95% CI 11 to 42) and
4 eyes (15%; 95% CI 6 to 33), respectively.

DISCUSSION

A characteristic pattern of fundus autofluorescence was
detected in eyes with purely classic CNV, with a well-defined
area of low autofluorescence signal at the site of the CNV. On
the basis of recent histopathological and OCT studies,” *> the low
autofluorescence signal observed at the site of the classic CNV
was probably related to blockage of autofluorescence caused by
the CNV growing in the subretinal space, rather than being
related to severe damage to the RPE by the neovascularisation



Fundus autofluorescence in exudative AMD

Figure 2 Fundus autofluorescence image (A), and corresponding fundus
fluorescein angiograms (B) of an eye with occult choroidqr
neovascularisation (CNV). Foci of low autofluorescence signal are seen at
the site of the CNV.
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Figure 1 Fundus autofluorescence images
(A,B) and corresponding fundus fluorescein
angiograms (FFAs; (C,D) of two eyes with
classic choroidal neovascularisation (CNV).
A low autofluorescence signal is observed at
site of CNV on autofluorescence images (A).
A thin “halo’”” of increased autofluorescence
surrounding the CNV is also seen (B) which
corresponc?ed to a thin area of blocked
fluorescence on FFA (D).

process. The damage to the RPE by the neovascularisation
process would be unlikely given that all patients included in
this study had newly diagnosed CNV. In addition, it would be
unlikely that the neovascularisation process would have
destroyed the RPE as evenly as seen and shown by the
autofluorescence images obtained in this study. A ring of
increased autofluorescence was observed around the CNV in
some cases. As it corresponded to an area of blocked
fluorescence on FFA, the increased autofluorescence signal
probably corresponds to proliferation of RPE cells around the
CNV. Although a more variable pattern of autofluorescence was
observed in eyes with purely occult CNV, which was not
surprising given the more heterogeneous nature of this lesion,
foci of decreased autofluorescence were commonly seen over-
lying occult CNV. Given that most occult CNV seems to grow
underneath the RPE,”* and considering that occult CNV often
has a chronic and more indolent course than classic CNV,** the
small foci of low autofluorescence signals at the site of occult
CNV probably correspond to small areas of RPE damage or loss.

Dandekar et al’' suggested that the presence of normal or
near normal autofluorescence over areas of CNV would indicate
normal or near normal RPE and a better prognosis. On the basis
of our findings, it may be difficult to establish whether or not
the RPE is healthy over the CNV on the basis of autofluores-
cence images alone, especially if low levels of autofluorescence
are found (see comments above). In this regard, imaging
studies combining autofluorescence and OCT may provide
important clues on the interpretation of the autofluorescence
images and on the understanding of the pathogenesis of AMD.

Increased autofluorescence (other than a thin ring of
increased autofluorescence around the CNV) either as a focal
pattern of autofluorescence (detected in 9% of eyes) or as areas
of variable size (detected in 25% of eyes) was not often
observed in this study on eyes with AMD and pure classic or
occult CNV. Similarly, increased autofluorescence was not
detected before the development of CNV in the four patients
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Fiﬁ;ure 3 Fundus autofluorescence images (A,B top) and corresponding fundus fluorescein angioggams (FFAs; A B bottom) of two eyes before (A,B left) and

after (A,B right) the development of choroidal neovascularisation (CNV). Patient 1 (A): In Novem

er 2004, although a small area of blocked fluorescence

was observed on FFA, which corresponded to a small retinal haemorrhage, no CNV was detected (A bottom, left). Fundus autofluorescence images at this
time showed no major abnormallities (A top, left). After 3 months, an occult CNV developed (A bottom, right) and an irregular area of low autofluorescence
signal was observed at the site of the CNV (A top, right). Patient 2 (B): Areas of increased fluorescence, corresponding to small window defects were

observed on FFA, but no CNV was detected in November 2004 (B bottom, left). Fundus autofluorescence images at this time showed smalll foci of decreased
autofluorescence signals (B top, left). After 5 months, a classic CNV developed (B bottom, right) and associated subrefinal blood was observed. An irregular

area of low autofluorescence signal was observed at the site of the CNV (B top, right) an

blood.

examined. This contrasts with findings in eyes with geogra-
phical atrophy, in which areas of increased autofluorescence are
commonly seen.” In a review of autofluorescence images of 28
consecutive eyes with AMD and early geographical atrophy
detected clinically, areas of increased autofluorescence were
often found (20 eyes, 71%; data not shown; fig 5). Furthermore,
in eyes with geographical atrophy, areas of increased auto-
fluorescence may become areas of low autofluorescence signal
over time, suggesting that increased autofluorescence levels in
the RPE may presage the development of geographical
atrophy.”® ** The above findings suggest that increased auto-
fluorescence and, thus, RPE lipofuscin, may be implicated in
the development of geographical atrophy, but may not play an
essential part in the occurrence of CNV. The fact that CNV has a
tendency to grow towards the centre of the fovea, where levels
of autofluorescence and RPE lipofuscin are the lowest in the
fundus,” ** and that in some of our cases and those reported
previously,* the distribution of autofluorescence was normal at
the site of the CNV also seems to support this concept.
Moreover, in other retinal diseases characterised by an

a low autofluorescence signal corresponded to the subretinal

increased content of lipofuscin in the RPE, such as Stargardt
macular dystrophy-fundus flavimaculatus,'” the occurrence of
CNV is extremely rare. Recent data suggest that changes in the
alternative complement pathway may be implicated in the
pathogenesis of AMD,”° especially in the neovascular form of
AMD.” Thus, other pathogenic mechanisms, in addition to or
other than lipofuscin-related RPE damage, may be involved in
the formation of CNV.”

By using a fundus camera-based system with a longer
wavelength for excitation (580 nm) than that used in this
study, Spaide’ found higher levels of autofluorescence in
fellow eyes of patients with exudative AMD than in those from
patients with non-exudative AMD. Spaide’s findings do not
necessarily contradict ours, given the differences in the study
design and methods. In this study, images were obtained with a
confocal scanning laser ophthalmoscope, using a shorter
wavelength (488 nm) than that used by Spaide. Furthermore,
we evaluated qualitatively, rather than quantitatively, the
distribution of autofluorescence in eyes with newly developed
CNV and fellow eyes, and looked for changes in autofluores-

Figure 4 Fundus autofluorescence images of fellow eyes. Homogeneous autofluorescence (A), mixed homogeneous and reficular autofluorescence (B) or

focal increased patterns of autofluorescence (C) are ogserved.
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cence (ie, large or small areas of increased or decreased
autofluorescence compared with background). Thus quantita-
tive values of autofluorescence were not available in this study.
However, on the basis of our previous findings, it is unlikely
that an overall, smooth and evenly distributed increased in
autofluorescence (known to occur with age) would occur
associated with and be causative of a CNV.”>* If increased
autofluorescence (and thus RPE lipofuscin) were to play an
important part in CNV formation, areas of increased auto-
fluorescence would probably be seen at the site of the CNV and/
or around it, and especially before the formation of CNV.
Areas of increased autofluorescence (other than those seen in
a focal pattern of autofluorescence) were observed in eyes with
occult CNV, but only exceptionally in eyes with classic CNV.
These areas of increased autofluorescence corresponded clini-
cally to a neurosensory retinal detachment in most cases. This
increased autofluorescence signal may represent an increased
content in RPE lipofuscin secondary to increased outer segment
shedding at sites of chronic neurosensory retinal detach-
ment.”* ** Although RPE damage may follow increased levels
of autofluorescence, further longitudinal studies are being
conducted to evaluate the significance of this finding with
regard to anatomical and visual prognosis in these patients.
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