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ABSTRACT

Autofluorescence (FAF) is a valuable imaging technique in numerous retinal diseases, that may be
underutilized in day-to-day practice. We aim to review the basic principles of blue-light autofluores-
cence and to highlight its clinical utility.

FAF is a rapid and noninvasive imaging technique of the ocular fundus. FAF images reflect the
distribution of lipofuscin in the retinal pigment epithelium (RPE), allowing an assessment of RPE func-
tion and the detection of atrophic areas. There are various systems for image acquisition, resulting in
qualitative and quantitative differences that should be considered upon image interpretation. Changes
in FAF signal are observed in numerous diseases. Some present typical autofluorescence patterns that
assist in the diagnosis, including age-related macular degeneration (AMD), retinal inherited diseases,
inflammatory chorioretinopathies and antimalarials retinopathy. In the last years, studies have dem-
onstrated a role for FAF in monitoring and predicting disease progression, especially in patients with
AMD.

FAF is a useful modality both for diagnostic and disease monitoring purposes. Incorporation into
the routine assessment of diseases such as AMD should be considered.

KEYWORD S: Fluorescein Angiography; Fundus Oculi; Macular Degeneration; Retinal Diseases.

RESUMO

A autofluorescéncia do fundo ocular (FAF) é um exame de imagem valioso em varias doencas
da retina, que podera ser subutilizado na pratica clinica diaria. O objectivo deste artigo é rever os
principios basicos da autofluorescéncia azul e realgar sua utilidade clinica.

A FAF é um exame de imagem nao invasivo e rdpido do fundo ocular. As imagens de FAF
reflectem a distribuicao da lipofuscina no epitélio pigmentar da retina (RPE), permitindo uma
avaliagdao da sua fungao e a detecgao de zonas de atrofia. Existem varios sistemas de aquisigao de
FAF, resultando em diferencas qualitativas e quantitativas que devem ser consideradas aquando
da interpretacao das imagens. Numerosas doengas do fundo ocular apresentam alteracdes no
sinal de autofluorescéncia. Algumas apresentam padrdes tipicos de autofluorescéncia que auxi-
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liam no seu diagndstico, nomeadamente a degeneragao macular ligada a idade (AMD), doencas
hereditdrias da retina, coriorretinopatias inflamatorias e retinopatia pelos antimaldricos. Nos tlti-
mos anos, varios estudos tém demonstrado o papel da FAF na monitorizagao e no prognostico de

varias doengas, sobretudo na area da AMD.

A FAF é uma modalidade de imagem util para fins de diagndstico, mas também para a mo-
nitoriza¢ao de varias doengas retinianas. Deve-se considerar a sua incorporagao na avalia¢ao de

rotina de doentes com AMD, entre outros.

PALAVRAS-CHAVE: Angiofluoresceinografia; Degenerescéncia Macular; Doengas Retinia-

nas; Fundo de Olho.

INTRODUCTION

Fundus autofluorescence (FAF) is a noninvasive imag-
ing technique that allows an in vivo mapping of the distri-
bution of fluorophores present in the ocular fundus, mainly
lipofuscin granules located in the retinal pigment epithe-
lium (RPE). Lipofuscin naturally accumulates with age but
its excessive accumulation with RPE dysfunction is recog-
nized as a common pathogenic pathway in various retinal
diseases, such as age-related macular degeneration (AMD).

Thus, FAF imaging not only presents an anatomic de-
scription of the ocular fundus but also provides a metabolic
mapping of the RPE and a detailed insight into its health.!
This exam may sometimes be underutilized in everyday
practice but is useful in the evaluation of a diverse spec-
trum of diseases involving the retina and RPE, including
AMD, macular dystrophies, retinitis pigmentosa, white dot
syndromes, retinal drug toxicities, and various other reti-
nal disorders. This review presents the basic principles and
clinical applications of FAF, with special emphasis on the
most widely used blue-light autofluorescence.

BASIC PRINCIPLES

Autofluorescence is the characteristic of some materi-
als that have naturally autofluorescent components called
fluorophores. Fluorophores are molecules that, when
stimulated by a monochromatic light with an appropriate
wavelength (excitation light), emit a monochromatic light
of greater wavelength (emission light).

Classically, FAF uses blue-light excitation, known as
blue-wave autofluorescence (BAF). Lipofuscin granules
of the RPE absorb blue-light with an excitation peak at a
wavelength of 470 nm and emit a yellow-green fluores-
cence at a wavelength of 600-610 nm.” The terms fundus
autofluorescence (FAF), blue-light autofluorescence (BAF)
and short-wave autofluorescence (SWAF) all refer to the
classical lipofuscin-based autofluorescence and are often
used interchangeably, as in this paper.

LIPOFUSCIN AND OTHER OCULAR
FLUOROPHORES

Lipofuscin derives its autofluorescent properties from
bisretinoid compounds, which are byproducts of the visual
cycle.” These compounds are initially formed in photore-
ceptor outer segments and then deposited in the RPE cells
as lipofuscin. N-Retinyl-N-retinylidene ethanolamine (A2E)
is the first and best characterized component of lipofuscin.
A2E is not recognized by lysosomal enzymes and therefore
is incompletely broken down and accumulates in RPE lys-
osomes with aging. However, the excessive accumulation
of lipofuscin is pathological and takes part in the patho-
genesis of several retinal diseases, since its accumulation
above a certain threshold may lead to loss of RPE cells due
to apoptosis.

Melanin is an ocular pigment located in uveal melano-
cytes but also in RPE cells (predominantly located in the
apical and midportion of these cells). In BAF, this pigment
absorbs the excitation beam and decreases overall FAF sig-
nal. Near-infrared autofluorescence (NIR-AF) is a more re-
cently described modality of autofluorescence. It requires
a longer wavelength signal (787 nm excitation), easily ob-
tained by using the indocyanine green angiography mode
of the scanning laser ophthalmoscope. This type of auto-
fluorescence derives mostly from the melanin of the RPE
and to a varying degree from melanin in choroidal layers.
The ocular fundus exhibits a faint autofluorescence under
NIR-excitation that differs in intensity and distribution
when compared to BAF.* In normal subjects (Fig. 1), NIR-
AF presents a central area of high autofluorescence corre-
sponding to the higher concentration of RPE melanin in the
foveal area. This area of higher NIR-AF corresponds to the
reduced foveal autofluorescence typical of BAF, as we ex-

plain later.
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Figure 1. Normal fundus autofluorescence obtained with blue-light auto-
fluorescence imaging (a) and near-infrared autofluorescence (b).

Other clinically significant fundus fluorophores are
vitelliform lesions and optic nerve head drusen. Besides,
structures anterior to the retina, including the cornea and
lens, naturally emit autofluorescence that may interfere
with FAF images resolution.

FAF IMAGING SYSTEMS

There are essentially two FAF imaging modalities: con-
focal scanning laser ophthalmoscopes (cSLO) and modified
fundus cameras (mFC). Each system has unique image ac-
quisition and processing techniques, which lead to qualita-
tive and quantitative image differences.

Most commonly, FAF images are obtained clinically
with ¢SLO systems such as Spectralis® Heidelberg Retina
Angiograph HRA classic or HRA 2, or Nidek F-10®. They
usually use blue excitation wavelengths of 488 and 490 nm,
respectively. Confocality ensures that light fluorescence
and reflectance are derived from the same plane, avoiding
interference from structures outside the retina.” ¢SLO sys-
tems record several single images and the final FAF image
results from the average of several frames and pixel values
normalization. While this method allows better image reso-
lution and contrast compared with the single image of the
mFC, patient discomfort by blue-light excitation and poor
fixation are possible disadvantages.®

Modified fundus cameras (such as Topcon® TRC-50DX
or Zeiss® Visucam 224/524) are relatively inexpensive sys-
tems that use special filters to detect autofluorescence from
lipofuscin. Compared to cSLO, they apply longer wave-
length excitation (510 to 580 nm), in the spectrum of green.
This wavelength excitation may be less affected by absorp-
tion from cataracts and macular pigments (mainly lutein
and zeaxanthin located in the neurosensory retina) than the
shorter-wavelength excitation utilized in ¢SLO.® Recorded
emission is located in the yellow-orange spectrum (675-715
nm).° Image acquisition is achieved with a single flash, with
better patient comfort but limited image resolution.

Finally, ultra-widefield (UWF) systems such as Optos®
200Tx represent the third example of FAF imaging. This
system uses the cSLO technology combined with an el-
lipsoid mirror to provide images of the retinal periphery
achieving up to 200 degrees of view of the ocular fundus in
a single capture. This compares to the maximum of 55-60
degrees obtained with conventional cSLO systems.” Image
acquisition is very brief and does not require pupillary dila-
tion.” The most recent Clarus 500 and 700™ from Zeiss also

provide ultra-widefield images, automatically synthesized
from two images recorded from different horizontal view-
ing angles (up to 133 degrees each).” These devices use a
technique called broad line fundus imaging (BLFI) that is
capable of capturing a broader range of autofluorescence
because it illuminates/excites at two wavelength ranges-
green and blue-light excitation.

NORMAL AUTOFLUORESCENCE
DISTRIBUTION

Fundus autofluorescence in normal eyes shows a con-
sistent pattern (Fig. 2). The optic nerve head normally ap-
pears dark (low FAF signal) due to the absence of lipofus-
cin. Large retinal vessels also appear dark, because of light
absorption by blood vessels. The foveal area typically has a
reduced FAF signal, which relates to the absorption of short
wavelength light by macular pigments (lutein and zeaxan-
thin). The parafoveal area maintains relatively low signal
intensity, caused by an increased concentration of melanin
and a decreased concentration of lipofuscin granules in the
central RPE cells. A progressive decline in FAF signal to-
wards the periphery is also typical.

However, FAF images obtained with green light (modi-
fied fundus cameras) show noticeable differences in the op-
tic disc and foveal area, appearing with comparably higher
intensities of emission (Fig. 3). This should be taken into
account when interpreting images obtained with these two
different optical systems.

Figure 2. Fundus autofluorescence Figure 3. Fundus autofluorescence
picture of a healthy eye acquired picture of a healthy eye acquired with
with Spectralis® (blue-light autofluo- Topcon® TRC-50DX fundus camera
rescence). (green-light autofluorescence).

INTERPRETATION OF FAF IMAGES

The intensity of FAF images is determined by multiple
factors, including age, media opacity, pupil diameter and
light exposure. Therefore, identification of an abnormal
finding basically relies on deviation from the normal distri-
bution or from the signal of intensity of surrounding area.

FAF signal reduction occurs because of two main rea-
sons: RPE loss/atrophy and signal blockage by structures
anterior to the RPE. Thus, hypoautofluorescent lesions in-
clude but are not limited to: areas of RPE loss or atrophy,
reduction in RPE lipofuscin density, presence of intrareti-
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nal fluid, fibrosis, media opacities, acute intraretinal or sub-
retinal hemorrhages.

In contrast, hyperautofluorescent lesions are frequent-
ly caused by alterations in lipofuscin metabolism and its
subsequent accumulation in RPE cells. They can also result
from a window defect due to loss of rhodopsin, which nor-
mally absorbs the excitation light and decreases autofluo-
rescence. Photoreceptor degeneration and loss of rhodop-
sin unmasks the autofluorescent signal of the underlying
RPE, creating hyperautofluorescent lesions such as those
seen in white dot syndromes and other pathologies.” Ad-
ditionally, increased FAF signal can arise from the accu-
mulation of fluorophores other than lipofuscin, including
subretinal vitelliform material and optic disc drusen.

CLINICAL APPLICATIONS OF FAF
IMAGING

Alterations in FAF signal are observed in numerous dis-
eases. We present some examples in which FAF provides
a valuable tool for understanding the pathophysiological
mechanisms, for diagnosing or even for monitoring and
predicting disease progression.

AMD

FAF imaging is highly valuable in AMD as RPE damage
is a hallmark of the disease. The heterogeneity of AMD is
consistent with the wide variety of FAF patterns described.
Depending on their size, composition and the state of over-
lying EPR and ellipsoid, drusen have an extremely variable
appearance.® Large drusen are more likely to result in FAF
changes, while small drusen may be isoautofluorescent and
remain undetected. Different studies have shown that, in
early AMD, FAF imaging has the capacity to reveal RPE al-
terations in regions that are fundoscopically normal.’ This is
particularly important in the case of reticular drusen, given
their prognostic implications. They present a very distin-
guishing pattern in FAF (multiple rounded hypoautofluo-
rescent dots surrounded by a normal-increased autofluo-
rescence) but are typically hardly noticeable in fundoscopy.
In 2005, Bindewald et al proposed a classification scheme
for eight distinct FAF patterns in early and intermediate
AMD, with relatively high intra and inter-observer agree-
ment (normal, minimal change, focal increased, patchy,
linear, lace-like, reticular, or speckled).” Other descriptions
have been reported and some of them even suggest a prog-
nostic value for certain FAF patterns.’

Nevertheless, FAF is especially useful in the detection,
delimitation, and monitoring of areas of geographic atro-
phy (GA) and has been used as an endpoint in clinical tri-
als."" Manual, semiautomatic, and automatic GA segmenta-
tion methods for FAF images have been described."” Given
the absence of lipofuscin within the RPE, GA appears as a
well-demarcated region of marked hypoautofluorescence,
usually appearing in the central or parafoveal macula and
extending centrifugally (Fig. 4). The normal dark signal of
the foveal area in conventional BAF imaging, acquired with

Figure 4. Normal fundus autofluorescence obtained with blue-light auto-
fluorescence imaging (a) and near-infrared autofluorescence (b).

cSLO systems, can make it difficult to appreciate if the fo-
vea is affected in situations of juxtafoveal atrophy. Wolf-
Schnurrbusch et al demonstrated a possible overinterpreta-
tion of the GA size because of this fenomenon.” Notably,
imaging acquisition with modified fundus cameras may
overcome this difficulty,” as shown in Fig. 5. Longer wave-
lengths of excitation such as in the green range overcome
light absorption by macular pigments and give the normal
fovea a lighter tone when compared to blue-light.

Figure 5. Multimodal imaging of an AMD patient with juxtafoveal atrophy
(a- color fundus image; b- B-scan spectral domain-OCT; c- blue-light auto-
fluorescence; d- green-light autofluorescence).

A significant proportion of eyes show increased auto-
fluorescence surrounding areas of GA, varying in appear-
ance from small, isolated spots to large irregularly shaped
areas' (Fig. 6). Numerous studies have demonstrated that
some of these junctional patterns, especially those associ-
ated with more diffuse hyperautofluorescence, are associ-
ated with an increased rate of disease progression.'***

Regarding neovascular AMD, early choroidal neovascu-
larization (CNV) is not readily detectable on FAF, reflecting
intact RPE and photoreceptor layers.? Reduced autofluores-
cence is usually found in most patients with longstanding
lesions at the site of the CNV.!® However, both classic and
occult CNV can show enhanced FAF signal next to CNV,

Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021 | 221



Fundus Autofluorescence: From Basic Principles to Clinical Applications

Figure 6. FAF image of a patient with geographic atrophy showing sur-
rounding hyperautofluorescence at the temporal macula.

expressing the presence of phagocytized RPE remnants
and chronic accumulation of subretinal fluid.”” Hemorrhag-
es are initially hypoautofluorescent due to light absorption
obscuring the underlying retinal details. They may become
hyperautofluorescent after undergoing organization and
evolving into an ocher color on fundoscopy.” Finally, with
clearing of heme, the hyperautofluorescence resolves. RPE
scars and areas of atrophy with decreased autofluorescence
may also take place.”

RPE tears may appear as a complication of neovascular
AMD. They present as an area of absent FAF signal where
the RPE has been displaced, and hyperautofluorescence in
correspondence of retracted RPE at the edge of the tear.
Over time, scarring of the tear allows some centripetal re-
covery of autofluorescence.’

CENTRALS EROUS
CHORIORETINOPATHY

FAF imaging can complement other imaging tech-
niques in eyes with central serous chorioretinopathy (CSC).
CSC can present with various FAF patterns reflecting the
metabolic state of the RPE, accumulation of photoreceptor-
derived material and masking by serous detachment." De-
creased or absent autofluorescence in long-standing lesions
may indicate reduced metabolic activity of the RPE due to
photoreceptor cell loss.”” Some chronic cases show a typical
hypoautofluorescent atrophic gravitational tract that corre-
lates to prior dependent subretinal fluid.?

INHERITED RETINAL DYSTROPHIES

Inherited retinal dystrophies comprise a heterogeneous
group of genetically determined diseases that cause death
of photoreceptor cells and subsequent vision loss. A broad
range of characteristic FAF patterns is observed in these
disorders. Increased background autofluorescence is a
common feature, usually associated with focally increased
FAF, or even areas of decreased or even absent FAF.”! Late
stages with profound RPE cell loss may look similar in vari-
ous retinal dystrophies, as well as in other retinal disorders.

Autosomal recessive Stargardt disease/fundus flavi-
maculatus (STGD1) is the most common hereditary juve-
nile macular dystrophy. FAF patterns are easily explained
by the pathogenesis, which include defective outer seg-

ment degradation, lipofuscin accumulation, and central
degeneration of the RPE and photoreceptors. Early stages
may demonstrate a general increase in lipofuscin and thus
increased FAF signal, whereas disease progression leads
to a pattern of a hypoautofluorescent atrophic macula,
surrounded by intensely hyperautofluorescent flecks. The
presence of peripapillary sparing is highly characteristic.”

Retinitis pigmentosa (RP) is a relatively common group
of retinal dystrophies characterized by rod-dominant retinal
degeneration. In FAF, RP presents with a ring or arc of in-
creased autofluorescence enclosing a zone of normal signal
where photoreceptors are preserved.” This finding, known
as the Robson-Holder ring, is considered to represent the
transition between the degenerating retina and the relatively
normal retina.”> Similar hyperautofluorescent rings are also
seen in other retinal diseases, including Leber congenital
amaurosis (LCA), X-linked retinoschisis, Best macular dys-
trophy, cone dystrophy, and cone-rod dystrophy.”

FAF imaging of the vitelliform lesions present in Best dis-
ease and adult macular vitelliform dystrophy are also very
elucidating.”* Shed photoreceptor debris and lipofuscin ac-
cumulating in the subretinal space originate the typical bi-
lateral yolk-like lesions seen in Best disease. Querques et al**
described various autofluorescence patterns associated with
each of the five stages of progression classically described
by fundus examination: the previtelliform lesions caused
zero to minimal hyperautofluorescence; the vitelliform stage
showed a well-circumscribed, homogenous hyperautofluo-
rescent lesion in the macula; the pseudohypopyon stage
showed hyperfluorescent precipitates settling under an iso-
autofluorescent fluid; the vitelliruptive stage showed a dark
lesion bordered by condensations of hyperautofluorescent
material; the atrophic stage, characterized by chorioretinal
atrophy, presented a diffusely decreased signal. Neverthe-
less, Parodi et al* characterized six different FAF pheno-
types (normal, hyperautofluorescent, hypoautofluorescent,
patchy, multi-focal and spoke-like), with no correlation with
the stages of progression of the disease.

HYDROXYCHLOROQUINE
RETINOPATHY

Hydroxychloroquine (HCQ) is an anti-malarial medica-
tion commonly used as treatment for a variety of autoim-
mune diseases. Retinal toxicity from HCQ, and its analog,
chloroquine, has a relatively low incidence but its irrevers-
ible character makes early diagnosis indispensable.” In early
stages, patients are usually asymptomatic, hence the impor-
tance of routine screening with multimodal assessment.

The screening recommendations released by the Ameri-
can Academy of Ophthalmology in 2016* suggest a baseline
fundus examination to rule out preexisting maculopathy,
followed by annual screenings after 5 years, for patients on
acceptable doses and without major risk factors. The an-
nual screenings should incorporate an automated perim-
etry and spectral-domain optical coherence tomography
(SD-OCT) of the macula.

FAF is an optional test. It is especially useful in cases of
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uncertain visual field changes, in order to provide objec-
tive, structural evidence of disease that may correlate with
findings on SD-OCT and perimetry. In the early stages
of disease, FAF shows a hyperautofluorescent parafoveal
ring. As RPE degeneration becomes established in later
stages of disease, FAF progresses with a mottled decrease
in parafoveal signal. Lastly, FAF shows a characteristic pat-
tern of bilateral parafoveal hypoautofluorescence, known
as bull’s eye maculopathy.”

WHITE DOT SYNDROMES

White dot syndromes (WDS) are a group of inflam-
matory chorioretinopathies that predominantly affect the
outer retinal layers, RPE, and/or choroid.”” Commonly
recognized WDS include multiple evanescent white dot
syndrome (MEWDS), acute retinal pigment epitheliopathy
(ARPE), acute posterior multifocal placoid pigment epithe-
liopathy (APMPPE), multifocal choroiditis and panuveitis
(MCP), birdshot chorioretinopathy, serpiginous choroido-
pathy, and punctate inner choroidopathy (PIC). FAF can
demonstrate both hyper and hypoautofluorescence chang-
es in these diseases. Overall, increased signal is found in the
presence of an active inflammatory response, highlighting
areas of disease activity (Fig. 7), whereas quiescent phases
and final chorioretinal scarring or atrophy are typically hy-
poautofluorescent.”® Specific FAF patterns can help to dis-
tinguish among different types of chorioretinitis. Besides,
in diseases such as PIC or serpiginous choroidopathy, FAF
detects new areas of inflammatory activity and presents as
a valuable tool in treatment guidance.” Ultra-widefield im-
aging is particularly relevant for assessing disease activity
in the retinal periphery.

Figure 7. FAF image of a patient with MEWDS showing foveal-sparing hy-
perautofluorescent active lesions in the posterior pole.

OPTIC NERVE HEAD DRUSEN

Optic nerve head drusen (ONHD) are benign acellular
calcium concretions that usually form early in life. ONHD
may give a swollen-looking appearance to the optic disc,
sometimes difficult to differentiate from true disc edema.

FAF is a convenient method of visualizing more super-
ficial drusen. They produce bright hyperautofluorescent
foci in the disc (Fig. 8), thought to represent calcium salts
or mitochondrial porphyrins.”? The diagnosis of buried

ONHD usually requires other imaging modalities, such as
B-scan ultrasonography, fundus fluorescein angiography
or computed tomography.

Figure 8. FAF image showing hyperautofluorescent superficial optic nerve
head drusen.

CONCLUSION

Overall FAF signal depends on the distribution pattern
of lipofuscin in the RPE, which relates to its metabolic ac-
tivity. For this reason, FAF is considered a measure of RPE
health and function and has given valuable insights about
pathogenic mechanisms of retinal disorders. The authors
highlight that the high-resolution images generated by
FAF should be routinely incorporated in the diagnosis and
monitoring of numerous diseases, such as AMD, retinal
dystrophies and inflammatory chorioretinopathies.

RESPONSABILIDADES ETICAS

Conflitos de Interesse: Os autores declaram nao pos-
suir conflitos de interesse.

Suporte Financeiro: O presente trabalho nao foi supor-
tado por nenhum subsidio o bolsa ou bolsa.

Proveniéncia e Revisdao por Pares: Nao comissionado;
revisao externa por pares.

ETHICAL DISCLOSURES

Conflicts of Interest: The authors have no conflicts of
interest to declare.

Financial Support: This work has not received any con-
tribution grant or scholarship.

Provenance and Peer Review: Not commissioned; ex-
ternally peer reviewed.

REFERENCES

1. Sepah Y], Akhtar A, Sadiq MA, Hafeez Y, Nasir H, Perez B,
et al. Fundus autofluorescence imaging: Fundamentals and
clinical relevance. Saudi J Ophthalmol. 2014;28:111-6. doi:
10.1016/j.5j0pt.2014.03.008.

2. Yung M, Klufas M, Sarraf D. Clinical applications of fundus

Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021 | 223



Fundus Autofluorescence: From Basic Principles to Clinical Applications

10.

11.

12.

13.

14.

15.

16.

17.

autofluorescence in retinal disease. Int ] Retina Vitreous.
2016;2:12. doi: 10.1186/s40942-016-0035-x.

Keilhauer C, Delori F. Near-infrared autofluorescence imag-
ing of the fundus: visualization of ocular melanin. Ophthal-
mol Vis Sci. 2006;47:3556-64. doi: 10.1167/iovs.06-0122.
Skondra D, Papakostas T, Hunter R, Vavvas D. Near infrared
autofluorescence imaging of retinal diseases. Semin Ophthal-
mol. 2012;27:202-8. doi: 10.3109/08820538.2012.708806.
Calvo-Maroto A, Esteve-Taboada J, Dominguez-Vicent A,
Pérez-Cambrodi R, Cervifio A. Confocal scanning laser oph-
thalmoscopy versus modified conventional fundus cam-
era for fundus autofluorescence. Expert Rev Med Devices.
2016;13:965-78. doi: 10.1080/17434440.2016.1236678.

Park S, Siringo F, Pensec N, Hong I, Sparrow J, Barile G, et
al. Comparison of fundus autofluorescence between fun-
dus camera and confocal scanning laser ophthalmoscope-
based systems. Ophthalmic Surg Lasers Imaging Retina.
2013;44:536-43. doi: 10.3928/23258160-20131105-04.

Patel S, Shi A, Wibbelsman T, Klufas M. Ultra-widefield retinal
imaging: anupdate onrecentadvances. Ther Adv Ophthalmol.
2020;12:2515841419899495. doi: 10.1177/2515841419899495.
Landa G, Rosen R, Pilavas ], Garcia P. Drusen characteristics
revealed by spectral-domain optical coherence tomography
and their corresponding fundus autofluorescence appearance
in dry age-related macular degeneration. Ophthalmic Res.
2012;47:81-6. doi: 10.1159/000324988.

Bindewald A, Bird A, Dandekar S, Dolar-Szczasny J, Dreyhaupt
J, Fitzke F, et al. Classification of fundus autofluorescence pat-
terns in early age-related macular disease. Invest Ophthalmol
Vis Sci. 2005;46:3309-14. doi: 10.1167/i0vs.04-0430.

Batioglu F, Demirel S, Ozmert E, Oguz Y, Ozyol P. Au-
tofluorescence patterns as a predictive factor for neovas-
cularization. Optom Vis Sci. 2014;91:950-5. doi: 10.1097/
OPX.0000000000000321.

Ly A, Nivison-Smith L, Assaad N, Kalloniatis M. Fun-
dus Autofluorescence in age-related macular degenera-
tion. Optom Vis Sci. 2017 Feb;94(2):246-259. doi: 10.1097/
OPX.0000000000000997.

Conti T, Ohlhausen M, Hom G, Talcott K, Golshani C, Choudhry
N, et al. Comparison of widefield imaging between confocal la-
ser scanning ophthalmoscopy and broad line fundus imaging
in routine clinical practice. Ophthalmic Surg Lasers Imaging
Retina. 2020;51:89-94. doi: 10.3928/23258160-20200129-03.
Wolf-Schnurrbusch U, Wittwer V, Ghanem R, Niederhaeuser M,
Enzmann V, Framme C, et al. Blue-light versus green-light auto-
fluorescence: lesion size of areas of geographic atrophy. Invest
Ophthalmol Vis Sci. 2011;52:9497-502. doi: 10.1167/iovs.11-8346.
Holz F, Bindewald-Wittich A, Fleckenstein M, Dreyhaupt J,
Scholl H, Schmitz-Valckenberg S. Progression of geographic
atrophy and impact of fundus autofluorescence patterns
in age-related macular degeneration. =~ Am ] Ophthalmol.
2007;143:463-72. doi: 10.1016/j.aj0.2006.11.041.

Batioglu F, Gedik OY, Demirel S, Ozmert E. Geographic atrophy
progression in eyes with age-related macular degeneration: role
of fundus autofluorescence patterns, fellow eye and baseline atro-
phy area. Ophthalmic Res. 2014;52:53-9. doi: 10.1159/000361077.
McBain V, Townend J, Lois N. Fundus autofluorescence in ex-
udative age-related macular degeneration. Br ] Ophthalmol.
2007;91:491-6. doi: 10.1136/bjo.2006.095109.

Camacho N, Barteselli G, Nezgoda ], EI-Emam S, Cheng L,
Bartsch D, et al. Significance of the hyperautofluorescent ring
associated with choroidal neovascularisation in eyes under-
going anti-VEGF therapy for wet age-related macular de-
generation. Br ] Ophthalmol. 2015;99:1277-83. doi: 10.1136/

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

bjophthalmol-2014-306226.
Sawa M, Ober M, Spaide R. Autofluorescence and retinal pig-
ment epithelial atrophy after subretinal hemorrhage. Retina.
2006;26:119-20. doi: 10.1097/00006982-200601000-00025.
Gabai A, Veritti D, Lanzetta P. Fundus autofluorescence appli-
cations in retinal imaging. Indian ] Ophthalmol. 2015;63:406-
15. doi: 10.4103/0301-4738.159868.
von Riickmann A, Fitzke F, Fan ], Halfyard A, Bird A. Abnor-
malities of fundus autofluorescence in central serous retin-
opathy. Am J Ophthalmol. 2002;133:780-6. doi: 10.1016/s0002-
9394(02)01428-9.
Boon C, Jeroen KB, Keunen ], Hoyng C, Theelen T. Fundus
autofluorescence imaging of retinal dystrophies. Vision Res.
2008;48:2569-77. doi: 10.1016/.visres.2008.01.010.
Oishi A, Miyata M, Numa S, Otsuka Y, Oishi M, Tsujikawa A.
Wide-field fundus autofluorescence imaging in patients with
hereditary retinal degeneration: a literature review. Int J Reti-
na Vitreous. 2019;5(Suppl 1):23. doi: 10.1186/s40942-019-0173-z.
Fleckenstein M, Charbel IP, Fuchs H, Finger R, Helb H, Scholl
H, et al. Discrete arcs of increased fundus autofluorescence in
retinal dystrophies and functional correlate on microperim-
etry. Eye. 2009;23:567-75. doi: 10.1038/eye.2008.59

Querques G, Zerbib ], Georges A, Massamba N, Forte R,
Querques L, et al. Multimodal analysis of the progression of
Best vitelliform macular dystrophy. Mol Vis. 2014;20:575-92.
Parodi M, Iacono P, Campa C, Del Turco C, Bandello F. Fundus
autofluorescence patterns in Best vitelliform macular dystrophy.
Am J Ophthalmol. 2014;158:1086-92. doi: 10.1016/j.aj0.2014.07.026.
Pandya H, Robinson M, Mandal N, Shah V. Hydroxychloro-
quine retinopathy: A review of imaging. Indian ] Ophthal-
mol. 2015;63:570-4. doi: 10.4103/0301-4738.167120.
Marmor M, Kellner U, Lai T, Melles R, Mieler W. Recom-
mendations on Screening for Chloroquine and Hydroxy-
chloroquine Retinopathy (2016 Revision). Ophthalmology.
2016;123:1386-94. doi: 10.1016/j.ophtha.2016.01.058.
Yusuf, Sharma S, Lugmani R, Downes S. Hydroxychloroquine
retinopathy. Eye.2017;31:828-45. doi: 10.1038/eye.2016.298.
Raven M, Ringeisen A, Yonekawa Y, Stem M, Faia L, Got-
tlieb J. Multi-modal imaging and anatomic classification of
the white dot syndromes. Int J Retina Vitreous. 2017;3:12. doi:
10.1186/s40942-017-0069-8.
Meleth A, Sen H. Use of fundus autofluorescence in the di-
agnosis and management of uveitis. Int Ophthalmol Clin.
2012;52:45-54. doi: 10.1097/110.0b013e3182662¢e€9.
Yeh S, Forooghian F, Wong W, Faia L, Cukras C, Lew J, et
al. Fundus autofluorescence imaging of the white dot syn-
dromes. Arch Ophthalmol. 2010;128:46-56. doi: 10.1001/ar-
chophthalmol.2009.368.
Palmer E, Gale ], Crowston ], Wells A. Optic Nerve Head
Drusen: An Update. Neuroophthalmology. 2018;42:367-84.
doi: 10.1080/01658107.2018.1444060.

Corresponding Author/
Autor Correspondente:

Joana Roque

Servico de Oftalmologia,

Hospital Prof. Doutor Fernando Fonseca
IC19, 2720-276 Amadora
joana.roque@hff.min-saude.pt

ORCID: 0000-0002-0713-7064

224 | Revista da Sociedade Portuguesa de Oftalmologia - Volume 45 - N4 - Outubro-Dezembro 2021


https://orcid.org/0000-0002-0713-7064

