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Abstract Fundus autofluorescence (FAF) imaging allows for
topographic mapping of intrisnic fluorophores in the retinal
pigment epithelial cell monolayer, as well as mapping of other
fluorophores that may occur with disease in the outer retina
and the sub-neurosensory space. FAF imaging provides infor-
mation not obtainable with other imaging modalities. Near-
infrared fundus autofluorescence images can also be obtained
in vivo, and may be largely melanin-derived. FAF imaging
has been shown to be useful in a wide spectrum of macular
and retinal diseases. The scope of applications now includes
identification of diseased RPE in macular/retinal diseases,
elucidating pathophysiological mechanisms, identification of
early disease stages, refined phenotyping, identification of
prognostic markers for disease progression, monitoring dis-
ease progression in the context of both natural history and
interventional therapeutic studies, and objective assessment of
luteal pigment distribution and density as well as RPEmelanin
distribution. Here, we review the use of FAF imaging in
various phenotypic manifestations of dry AMD.
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Image analysis

Introduction

Fundus autofluorescence (FAF) imaging allows for topo-
graphic mapping of lipofuscin (LF) distribution in the retinal

pigment epithelial (RPE) cell monolayer, as well as mapping
of other fluorophores that may occur with disease in the outer
retina and the sub-neurosensory space [1, 2]. FAF imaging
provides additional information not obtainable with other
imaging modalities such as fundus photography, fluorescein
angiography, or OCT. Excessive accumulation of LF granules
in the lysosomal compartment of RPE cells represents a
common downstream pathogenetic pathway in various hered-
itary and complex retinal diseases [3].

Near-infrared fundus autofluorescence (NIA) images can
also be obtained in vivo using the indocyanine green angiog-
raphy mode. It has been suggested that the NIA signal is
largely melanin-derived [4].

The recording of FAF images is a non-invasive procedure.
The intensity of naturally occurring fluorescence of the ocular
fundus is about two orders of magnitude lower than the
background of a fluorescein angiogram at the most intense
part of the dye transit. Both scanning laser ophthalmoscopy
and fundus camera photography have been used in the clinical
setting for the acquisition of fundus autofluorescence images
[5–7]. Confocal scanning laser ophthalmoscopy (cSLO) opti-
mally addresses the limitations of the low intensity of the
autofluorescence signal and the interference of the crystalline
lens.

FAF imaging has been shown to be useful in a wide
spectrum of macular and retinal diseases [8]. The scope of
applications now includes identification of diseased RPE
in macular/retinal disorders, elucidating pathophysiologi-
cal mechanisms, identification of early disease stages,
refined phenotyping, identification of prognostic markers
for disease progression, monitoring disease progression in
the context of both natural history and interventional
therapeutic studies, and objective assessment of luteal
pigment distribution and density as well as RPE melanin
distribution. Herein we review the use of FAF imaging in
various manifestations of dry AMD.
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Early AMD

FAF findings in early and intermediate AMD may indicate
more widespread abnormalities and diseased retinal areas than
revealed by funduscopy or color fundus photography (CFP)
alone (Fig. 1). Early manifestations of AMD include areas of
focal hypo- and hyperpigmentation at the level of the RPE,
drusen with extracellular material accumulating in the inner
aspects of Bruch’s membrane, as well as reticular drusen with
abnormalities assumed to be located at the RPE–photorecep-
tor interface [9–11].

Areas of focal hyperpigmentation are usually associated
with increased FAF signal intensity (Fig. 1d), which is thought
to derive from melanolipofuscin, whereas depigmentation is
characterized by a reduced FAF signal due to loss of RPE.
Hence, FAF imaging compared to CFP is better able to iden-
tify even small non-central areas of GA (Fig. 2), the existence
of which defines late AMD, according to a recently introduced
new AMD clinical classification system [10].

The FAF signal from individual drusen may be slightly
increased, unchanged, or decreased compared to normal back-
ground FAF [12]. The composition of drusen, drusen size, and
alterations in the overlying RPE may be responsible for such
variability in corresponding FAF signal intensity. In general,
larger drusen are more frequently associated with extensive
FAF changes than smaller drusen [13] (Figs. 1a/b). Crystalline
drusen typically show a corresponding area of lower FAF
signal (Fig.1c). In contrast, large soft confluent drusen or
drusenoid RPE detachments are usually characterized by in-
creased signal intensity [13] (Fig. 3). Depending on lesion size
and resolution of imaging methods, it may be challenging to
assign a specific quality of change in FAF (i.e., increased or
decreased intensity) to each drusenoid lesion. Indeed, studies
using a fundus camera for FAF imaging noted a central area of
decreased FAF surrounded by an annulus of increased FAF
that was correlatedwith soft drusen between 60 and 175μm in
size [14].

An international consensus group distinguished eight dis-
tinctive FAF patterns in early AMD [12]: normal, minimal
change, focal increased, patchy, linear, lacelike, reticular, and
speckled (Fig. 4). This phenotypic classification may help to
identify prognostic determinants in longitudinal studies and to
explore phenotype–genotype as well as structure–function
correlations in future investigations.

Landa et al. investigated SD-OCT–cSLO FAF correla-
tions in patients with bilateral early AMD in areas of
drusen primarily detected by SD-OCT [15], noting that
disruptions in the outer retina (i.e., the IS/OS junctional
layer) were closely related to local FAF changes. Howev-
er, they did not report on specific FAF changes, i.e.,
increased or decreased signals. This is consistent with
other reports on sensitivity reduction in areas with altered
FAF compared to areas with normal FAF [16].

The FAF signal may also change following drusen regres-
sion. Toy and colleagues noted a prominent decrease or in-
crease in FAF signal at areas of drusen regression in 64 % and
14 % of eyes, respectively. They were unable to detect signif-
icant changes in the photoreceptor layer using SD-OCT, how-
ever, reflecting the general lack of clarity regarding the short-
and long-term consequences of drusen regression [17].

In a review article on different types of drusen in AMD,
Mimoun and colleagues described—in addition to other well-
defined soft, hard, calcified, and cuticular drusen—
“pseudodrusen visible en lumière bleu” [pseudodrusen visible
in blue light] [11]. The distinctive characteristic appearance of
these subtle alterations was subsequently reported by others
using different terms, including “reticular drusen” (RD) [18],
“reticular pattern” [13], “reticular pseudodrusen” [19], “retic-
ular macular disease” [20], and “subretinal drusenoid de-
posits” [21]. This lack of uniformity in nomenclature may be
a result of parallel description using different retinal imaging
modalities, the very small and subtle alterations that exist, and
the yet unclear histopathological correlation. Irrespective of
the location of RDR lesions within the retina or of the
terminology, it is a consistent finding that the in vivo
detection of these lesions not only requires good image
quality, but that combined near-infrared (NIR) and FAF
confocal scanning laser ophthalmoscopy (cSLO), as well
as spectral-domain optical coherence tomography (SD-
OCT) imaging, represent the modalities of choice for
their in vivo identification [9, 21]. FAF imaging reveals
a unique reticular pattern with multiple small rounded or
elongated areas of decreased FAF surrounded by areas
with brighter intensities (Fig. 5) [9].

Use of these imaging modalities in a large cohort of pa-
tients with geographic atrophy revealed that the prevalence of
RD was much higher than expectations based on a previous
smaller series with less adequate imaging methods. Concur-
rent RD was present in more than 60 % of eyes with outer
retinal atrophy [22]. Several studies have indicated that RD
may represent a high risk factor for the progression to late
AMD [23, 19, 18, 24].

At this time, little is known about the natural history of RD,
i.e., longitudinal changes over time. Using en face cSLO
fundus autofluorescence imaging in patients with geographic
atrophy secondary to AMD, we demonstrated that the area
with RD involvement increased over a period of 18 months,
and that progression in this area occurred at a rate at least four
times that of the total area of atrophy [25].

Geographic atrophy

FAF imaging has proven particularly useful for various as-
pects in the context of geographic atrophy (GA) secondary to
AMD. Due to the absence of RPE cells, and thus the loss of
intrinsic LF fluorophores, atrophic areas in patients with GA
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exhibit a severely reduced signal (Fig. 6) [3, 2]. FAF imaging
using an excitation wavelength of 488 nm and an emission
bandwidth of 500–700 nm showed that areas of GA exhibited
very low to extinguished FAF signals (dark), with a high
contrast between the area of atrophy and perilesional retina
(Fig. 7). Contrast levels rose even further with the commonly
observed finding that the perilesional zone showed high FAF
intensities. Perilesional FAF changes, in particular, appear to
have pathogenetic relevance: areas of increased FAF, and
hence lipofuscin accumulation outside GA, may be associated
with varying degrees of retinal sensitivity loss, and precede

the development and enlargement of outer retinal atrophy
(Fig. 7) [12, 26–28]. These findings correlate with experimen-
tal data suggesting that certain molecular compounds of LF
such as N-retinylidene-N-retinylethanolamine (A2-E) may
possess toxic properties upon reaching a critical level and
may interfere with normal cell function [29, 30].

The high contrast to the perilesional non-atrophic retina
allows for exact delineation and segmentation of atrophic
areas using grey-value-based region-growing algorithms in
semi-automated software. Further technological development
recently led to the release of the “RegionFinder” software

Fig. 1 Different manifestations of intermediate AMD (a, c, d) and
normal changes associated with aging (b). Soft confluent drusen (A1,
A2) reveal a slightly increased FAF signal (A3) and a characteristic dome-
shaped elevation of outer retinal layers in SD-OCT (A4). Drupelets (small
drusen) (B1, B2) represent normal changes with aging, and also cause
elevation of the outer retinal layers (B5). In reticular pseudodrusen, which
can be better identified in FAF than in CFP imaging (B3), SD-OCT

suggests alterations at the level of the photoreceptors (B4). Crystalline
or calcified drusen (C1, C2) often correspond to a lower FAF signal (C3)
and inhomogeneous inner reflectivity in SD-OCT (C4). Areas of focal
hyperpigmentation (D1, D2) are mostly confined to increased FAF (D3)
and focal hyperreflectivity at the level of the RPE or the more inner retinal
layers in SD-OCT (D4)
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(Heidelberg Engineering, Heidelberg, Germany) (Fig. 8). This
image processing tool allows for rapid, reproducible semi-
automated detection and measurement of the size and pro-
gression of atrophic GA areas [31]. Its functions comprise
direct export and alignment of recorded images, semi-
automated identification of atrophic patches after selecting a
seeding point and adjusting tolerance levels, shadow correc-
tion, semi-automated vessel detection, and creation of a report
displaying the results of the analysis. Its application is suitable
not only for analysis of progression rates in natural history
studies or interventional trials designed to slow the disease

process, but also for routine use in clinical practice for
documenting individual patient disease progression.

At times, quantification of GA based on FAF images alone
may be challenging, particularly in the central retina. This is
primarily due to low FAF intensity in the fovea due to absorp-
tion of short-wavelength light by luteal pigment. Utilizing
corresponding blue reflectance (BR 488 nm) and near-
infrared reflectance (IR 820 nm) images may help to improve
foveal lesion boundary discrimination.

Various longitudinal natural history studies have indepen-
dently reported high interindividual variation in atrophy

Fig. 2 Left eye of a patient with
areas of focal hyper- and
hypopigmentation and soft
confluent drusen. FAF (e) reveals
more pronounced changes than
CFP (a). In particular, small non-
central areas of geographic
atrophy are clearly visible,
whereas on CFP (a),
corresponding depigmented areas
are less remarkable. SD-OCT
through two of these lesions
(white arrows) reveals choroidal
hyperreflectivity and loss of the
photoreceptor layer, both typical
findings in geographic atrophy (c
and d)

Fig. 3 Left eye of a patient with
intermediate AMD with large,
confluent soft drusen and areas of
focal hyperpigmentation at baseline
(upper row) and development of
geographic atrophy after two
years (lower row). At baseline,
the FAF signal shows a lacelike
pattern (b), whereas after two
years, a markedly lower signal at
the area of atrophy is evident (e).
Drusen regression is most
remarkable in CFP (a and d)
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progression that cannot be explained by genetic or exogenous
factors [32–34, 7, 35]. There is evidence that more specific
individual characteristics may at least partially explain the
high interindividual variability in the spread of atrophy. The
FAM (Fundus Autofluorescence in Age-Related Macular De-
generation, www.clinicaltrials.gov, NCT00393692) study has
identified different phenotypic patterns of abnormal FAF in
the junctional zone of GA based on cSLO FAF imaging,
describing a step-wise classification approach (Fig. 9) [12,
34, 36, 37]. Analysis of longitudinal FAF imaging data has
shown the prognostic relevance of these patterns of GA en-
largement over time [34].

Rates of atrophy progression were slowest in eyes without
abnormal FAF in the perilesional zone (median 0.38 mm2/
year), followed by eyes with focal increased FAF (median

0.81 mm2/year). Rates of enlargement were higher in eyes
with more pronounced increases in FAF, such as the banded
(median 1.81 mm2/year) or diffuse (median 1.77 mm2/year)
patterns. The comparison of progression rates between the
"none" or "focal" groups on one hand, and the "banded" or
"diffuse" groups on the other revealed a statistically signifi-
cant difference (p<0.0001) [34]. Although these patterns may
reflect heterogeneity on a molecular, cellular, or genetic level,
significant risk loci for susceptibility to GA in AMD could not
be shown to affect GA progression. [38] The data analyzed by
Schmitz-Valckenberg et al. [39] and Bearelly et al. [40] on the
area of increased FAF around atrophy and its influence on
atrophy enlargement support the hypothesis of a pathophysi-
ological role for LF accumulation in RPE cell death. Other
prognostic factors for GA progression have also been

Fig. 4 Different FAF patterns in early and intermediate AMD: normal
(a), minimal change (b), focal increased (c), patchy (d), linear (e), lacelike
(f), reticular (g), and speckled (h). The Association for Research in Vision

and Ophthalmology (ARVO), as the copyright holder, has kindly granted
copyright permission for the use of this figure, which was adapted from
Bindewald and colleagues [12]

Fig. 5 Left eye of a patient with intermediate AMD characterized by
large soft confluent drusen and areas of focal hyperpigmentation (a).
Reticular pseudodrusen can be seen more clearly in FAF (b) than in
CFP (a). In an infrared reflectance (IR) image (c), soft drusen

correspond to increased signal intensity, and reticular pseudodrusen
appear as a pattern-like grouping of ill-defined lesions with lower
reflectivity. Fluorescein angiography at the late phase reveals pronounced
hyperfluorescence due to drusen staining (d)
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described, including knowledge of prior rates of enlargement
[41] or enlargement rate of the fellow eye [42, 41], multifocal
configuration of GA [7], baseline GA size [41, 34], and
diagnosis of the fellow eye [43].

Natural history data and identification of high-risk charac-
teristics are important for the design of interventional clinical
trials aimed at reducing the progression of in GA. The FDA
recently accepted GA lesion growth—a morphological end-
point—as a main outcome parameter in GA studies, and it is
now used in almost all ongoing interventional trials [33].

Foveal sparing

GA patches typically occur initially in the parafoveal retina.
With the spread of GA over time, several atrophic areas may
coalesce, and new atrophic areas may occur. In advanced
stages, GA areas may form a ring encompassing the intact
and still-functioning fovea. On clinical examination, the fovea
may remain uninvolved in the atrophic process until late in the
course of the disease, a phenomenon referred to as “foveal
sparing” [44, 45]. Areas of GA are associated with a

Fig. 6 Geographic atrophy due
to age-related macular
degeneration: fundus
photography (CFP, left) and
fundus autofluorescence (FAF,
right). Due to the lack of
fluorophore-containing RPE
cells, multifocal areas of
geographic atrophy are readily
identifiable in the FAF image
versus the CFP image

Fig. 7 Fundus autofluorescence (FAF) images of both eyes from various
patients with unifocal and multifocal geographic atrophy. Note the high
degree of intraindividual symmetry between the eyes and interindividual
heterogeneity with regard to the size and topography of geographic
atrophy (dark patches reflecting a reduced FAF signal due to the absence

of retinal pigment epithelial cells and their fluorophores). This is also seen
in the perilesional abnormal patterns of increased FAF signals surround-
ing the atrophic patches. Elsevier, as the copyright holder, has kindly
granted copyright permission for the use of this figure, whichwas adapted
from Holz et al. [51]
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corresponding absolute scotoma. Thus, the “foveal sparing”
pattern of disease evolution corresponds with progressive
visual impairment, which is initially characterized by reading
difficulties due to parafoveal scotomata, while the central
visual acuity is preserved [46, 44, 26, 47, 6]. When the fovea
finally becomes involved, a dramatic loss in visual acuity

occurs. After involvement of the central macula, relatively
little benefit can be expected from any future therapeutic
intervention attempting to slow or halt the natural course of
the disease [48, 49]. Although atrophic patches exhibit an
even lower FAF intensity than the central macula, foveal
involvement can be challenging to identify (Fig. 10) [31,

Fig. 8 Semi-automated
quantification of geographic
atrophy (GA) by means of image
analysis software (RegionFinder,
Heidelberg Engineering,
Heidelberg, Germany). Areas of
atrophy can be quantified in a
precise, reproducible, and time-
effective way. In this example, the
difference image on the right
shows the enlargement (orange)
of geographic atrophy between
baseline (left) and follow-up visit
(middle). Adapted from
Fleckenstein et al. [52]

Fig. 9 Dominant phenotypic patterns of abnormal FAF in the junctional
zone of GA based on confocal scanning laser ophthalmoscopy (cSLO)
fundus autofluorescence (FAF) imaging. These patterns have prognostic
relevance for disease progression in terms of atrophic enlargement over
time. While patterns with little change in FAF intensities surrounding the
GA predispose to slow progression, the banded and all diffuse patterns

representing more pronounced increases in FAF are frequently accompa-
nied by high progression rates. The Association for Research in Vision
and Ophthalmology (ARVO), as the copyright holder, has kindly granted
copyright permission for the use of this figure, which was adapted from
Fritsche et al. [28]

Graefes Arch Clin Exp Ophthalmol (2015) 253:7–16 13



50]. Additional use of near-infrared reflectance (IR) cSLO
images has been proven helpful in determining foveal sparing
(Fig. 10) [31].

We recently quantified differential spread characteristics
centrifugally vs. centripetally in eyes with foveal-sparing
GA due to AMD. Peripheral progression and foveal regres-
sion were correlated only to a degree, suggesting systematic
differences within the group of GAwith foveal sparing. Such
data will help to design future interventional trials in GA
aimed at prolonging foveal survival.

Ophthalmic imaging technology has revolutionized
retinal examination. Imaging systems have contributed
significantly to our understanding of the pathophysiolo-
gy, natural history, and treatment of retinal diseases.
With the advent of cSLO imaging technology, FAF im-
aging can be performed with high spatial resolution in a
non-invasive and non-time-consuming fashion. Particu-
larly in dry AMD, FAF provides information over and
above conventional imaging techniques. It has become
the gold standard for the imaging of geographic atrophy
due to AMD and for quantification of lesion size, which
are now used as primary anatomic outcome parameters
for interventional clinical trials in patients with GA.
Ongoing developments include quantification of the

fluorophore-derived signal (quantitative autofluores-
cence), autofluorescence-based molecular imaging, as
well as refined structure–function correlations.
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