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Introduction 
 
Age-related macular degeneration (AMD) is the third most popular eye disease 
affecting around 133 million people worldwide [5], who are generally older than 45. It 
is also the first leading cause of blindness (>50% cases [5]) in the USA.  
 
It is a disease about the age-related deterioration of the photoreceptor metabolism in 
the macular area, which is responsible for the 10% of the central view field and the 
observation of details.  
 
AMD is differentiated into early phase and advanced phase. The early AMD is 
characterized with drusen and pigment clumping. What cause severe vision loss are 
the advanced forms. The dry advanced form is the geographic atrophy (GA) and the 
wet advanced form is the choroidal neovascularization (CNV). The term “dry AMD” 
means the early AMD and GA. Approximately 90% AMD patients suffer from dry 
AMD. 
 
Although there are still no approved therapies for the early dry AMD or GA, more 
than 20 ones are now in the development pipelines of the pharmaceutical industry or 
even in clinical trials phase II or III. To shorten the period of controlling the therapy 
effects surrogate endpoints except visual acuity improvement will be needed in these 
researches and in their clinical applications in the future. Reasonable measures of 
GA are its growth rate and distribution. Thus an imaging tool is desired, with which 
the GA patches can be recognized clearly and the boundaries of them are sharply 
delineated. The traditional imaging method for this purpose is the fluorescein 
angiography (FA), for which a dye will be injected.  
………………………………………………………………………………………………….. 
The second problem concerns the role of lipofuscin in the progression of AMD. It is a 
compound of metabolic wastes deposited in the lysosomes of the RPE (retinal 
pigment epithelium) cells and the over-accumulation of it hampers the photoreceptor 
metabolism and results in cell death. Holz, Bindewald et al. [1, 2, 3] have proved in 
the studies, that the FAF patterns of early AMD indicate different risk levels of its 
developing into GA or wet form and the FAF patterns of the hyperautofluorescence in 
the junctional zones of GA influence the growth rate of GA. Based on these findings it 
is known that the observation of lipofuscin density and distribution is meaningful to 
detect AMD at early time and to distinguish fast progressors from the slow ones.  
………………………………………………………………………………………………….. 
 
Fundus autofluorescence (FAF) imaging meets the needs to display GA accurately, 
non-invasively and to visualize the intensity and distribution of lipofuscin. In this 
method the intrinsic fluorophore lipofuscin is excited with light in a certain area of the 
spectrum and then it emitted photos with longer wavelength. Through detecting the 
emission with CCD sensor the lipofuscin can be visualized. In the GA areas the RPE 
cells are dead and the lipofuscin granulars in their lysosomes also have disappeared, 
therefore GA present itself with strongly decreased signal in FAF images.  
 
The available devices for FAF imaging in the current market are the confocal scan 
laser ophthalmoscope (cSLO) and fundus camera with special filter settings. Firstly, 
they apply different technologies. cSLO scans the area of interest (25°) point for point 
with not-strong laser, while fundus camera gives all the light at one blow and make 
photo of the whole fundus (45°). Secondly, their filter settings for FAF imaging are 
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different. cSLO uses blue light with a single wavelength 488 nm for excitation and a 
cut-off filter above 500/520 nm for emission. Fundus camera adopts wavelengths for 
excitation more toward the red-end of the spectrum to avoid lens AF and also a band-
wide filter for emission.   
 
It is a question if these two different technologies provide comparable medical 
information about dry AMD. While cSLO makes images with high quality and is the 
most popular tool for FAF imaging so far, fundus camera offers a more economical 
alternative. The price of the latter is about the half of the former. Thus systematic 
comparisons between them are needed. 
 
Schmitz-Valckenberg et al. [4] has done a comparison between HRA cSLO produced 
by the company Heidelberg Engineering and Topcon fundus camera in FAF imaging. 
The subjects are 32 GA eyes of 16 patients. They have come to the conclusion that 
the GA quantification is consistent in images of both devices, but fundus camera is 
inferior in quality for recognition of patterns of hyperautofluorescence in the junctional 
zones of GA. 
 
This study has answered the questions about GA and Topcon camera. There are still 
two problems to solve. Firstly, do the two technologies provide comparable 
information about the early dry AMD? Secondly, how does the Zeiss fundus camera, 
which is another largest fundus camera group and the FAF filter settings of which 
vary from those of Topcon, perform?  
 
To fill in this blank this Master-thesis focuses on a clinical study comparing medical 
information of FAF images between VISUCAM, the Zeiss fundus camera with FAF 
function, and HRA. The target patients are those with either early dry AMD or GA. 
The main outcome measures are image quality, GA quantification and patterns of 
early AMD and of hyperautofluorescence in the junctional zones of GA. The images 
with high-risk patterns will be illustrated and discussed in detail. To support the 
accurate definition of the lesions fundus photos have been done for every eye and 
FA and OCT diagnosis also have been got if necessary.  
 
The results showed that VISUCAM had made a bit more (VISUCAM: 54.84%; HRA: 
51.61%) good GA images, in which not only the hyperautofluorescence patterns in 
the junctional zones are discernible but also the boundaries of GA are sharply 
delineated. However, HRA had advantage in the early AMD photograph. In 72.97% 
of the early AMD images taken with HRA the lesions were clear and the patterns 
were discernible, while this ratio was reduced to 66.22% by VISUCAM. The 
quantification of GA in all measurable GA cases was consistent.  
 
Through closer analysis the reasons for the inferior quality of VISUCAM and for the 
different features of FAF images taken with both devices have been found. Most of 
the VISUCAM images with inadequate quality had incorrect fixation. It means the 
macula, the main target in dry AMD photograph, was not in the center of the photo. 
To solve this problem a camera head with more flexibility is expected. It was also 
found that both devices had their advantages and disadvantages in certain kinds of 
lesions. For example, VISUCAM displayed more details of large, soft drusen and 
HRA was more sensible to pigment clumping. What’s more, VISUCAM oft brought 
more information because of its wide-band excitation and its larger field of view.  
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The most important conclusions of this study are: 
a. FAF images taken with both VISUCAM and HRA contain consistent medical 

information about dry AMD; 
b. FAF images taken with both devices contain right and complete medical 

information about GA; 
c. FAF images taken with both devices in combination with high-quality fundus 

photos provide right and complete medical information about early AMD. 
 
You can find closer information about the whole project in the following chapters. 
Here is a simple guide. 
 
Chapter 1 Basic Ophthalmological Knowledge 
In this chapter you can find schematic diagram of the human eye and the description 
to the layered structure of retinal and to the single layers, which play an important 
role in the pathology of AMD, such as RPE and BM.  
 
Chapter 2 Age-Related Macular Degeneration (AMD) 
This chapter contains illustration, symptom and pathology of the disease AMD.  
 
Chapter 3 Fundus Autofluorescence (FAF) imaging 
Here you get to know lipofuscin, which is the intrinsic fluorophore used for FAF 
imaging, mainstream technologies for this imaging method and the filter settings 
adopted by the largest producers.  
 
Chapter 4 Customer Value of FAF Imaging  
The utilities of FAF imaging such as observation of GA, early detection of AMD, 
indication the further development of early AMD and GA etc. will be introduced. You 
can also find information about the dry AMD therapies in clinical trials in this chapter. 
 
Chapter 5 Comparison between VISUCAM and HRA 
This is a protocol of the clinical study about the comparison between the two devices 
in FAF imaging. There is the design and the workflow of the study, statistical 
analysis, closer analysis to the single cases with high-risk patterns and the final 
conclusions. 
 
Chapter 6 Discussion 
It is a review and further discussion to the interesting points in the previous work and 
also a suggestion to the future work.  
 

Jena, July 2010 
Huan Feng 

 
 
 

 4



 
 
References 
[1] Bindewald A, Bird AC, Dandekar SS et al. (2005) Classification of fundus 
autofluorescence patterns in early age-related macular disease. Invest 
Ophthalmol Vts Sct 46: 3309-3314 
[2] Holz FG, Bellmann C, Margaritidis M, et al. (1999) Patterns of increased in vivo 
fundus autofluorescence in the junctional zone of geographic atrophy of the retinal 
pigment epithelium associated with age-related macular degeneration. Graefes Arch 
Clin Exp Ophthalmol 237:145-152 
[3] Mößner A, Holz FG, Fleckenstein M et al. (2009) Fundus autofluorescence 
pattern as risk factor for development of geographic atrophy in patients with age-
related maculopathy. DOG Abstract: 243  
[4] Schmitz-Valckenberg S, Fleckenstein M, P.Göbel A et al. (2008) Evaluation of 
autofluorescence imaging with the scanning laser ophthalmoscope and the fundus 
camera in age-related geographic atrophy. Am J Ophthalmol; 146: 183-192. 
[5] Market Scope_2009 Comprehensive report on the global retinal surgical device 
market 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5



 
 

Contents 
 
1          Basic Ophthalmological Knowledge   ………………………………………....    7 
1.1       Anatomy and Work Principle of the Human Eye   ……………………………    7 
1.2       Retina   ……………………………………………………………………………    7 
1.3       Retinal Pigment Epithelium (RPE) and the Bruch’s Membrane (BM)   ……  10 
 
2          Age-Related Macular Degeneration (AMD)   …………………………………  12 
 
3          Fundus Autofluorescence (FAF) Imaging   …………………………………...  14 
3.1       Lipofuscin is Major Risk Factor of Macular Degeneration   …………………  14 
3.2       Lipofuscin is Source of Autofluorescence   …………………………………..   14 
3.3       Difficulties in FAF Imaging   ……………………………………………………   15 
3.4       Technologies for FAF Imaging   ……………………………………………….   15 
 
4         Customer Value of FAF Imaging   ……………………………………………… 20 
4.1      To Recognize GA Early and to Monitor Its Progression Non-Invasively 
           (Without Dye)   ……………………………………………………………………  20 
4.2      To Diagnose AMD in Very Early Phases   …………………………………….  21 
4.3      To Serve as a Prognostic Determinant   ………………………………………  22 
4.3.1    Lipofuscin Over-Accumulation Indicates Cell Death   …....………………….  22 
4.3.2    Reticular Autofluorescence Is Risk Factor of CNV   …………………………  24 
4.3.3    Autofluorescence Patterns are Prognostic Determinants of AMD   ………..  25 
4.3.3.1 Patterns of Early AMD Manifestations   ……………………………………….  25 
4.3.3.2 Patterns of Abnormal FAF in the Junctional Zone of GA   ………………….  29 
4.4       To Track the Dry AMD Therapy Effects in the Future   ……………………… 34 
4.5       To Monitor the Health State of RPE   ………………………………………....  38 
4.6       To Compare FAF Images between Fundus Camera and cSLO   ………….  39 
 
5          Comparison of FAF Images between VISUCAM and HRA   ……………….  42 
5.1       Image Quality   …………………………………………………………………..  44 
5.2       Quantification of the GA Area   ………………………………………………...  46 
5.3       Comparison of Images with High-Risk FAF Patterns in the Junctional Zone of 
            GA   ……………………….............................................................................  47 
5.4       Comparison of Images with High-Risk FAF Patterns of the Early  
            Non-exudative AMD   ………………………………………………………        56 
5.5       Reticular FAF   ………………………………………………………………        67 
5.6       Summary   ……………………………………………………………………       72 
 
6          Discussion   ………………………………………………………………………  73 

 
 

 6



 
 

Chapter1 Basic Ophthalmological Knowledge 
 
(* All image sources are listed at the end of this chapter) 
 
This chapter introduced the basic work principle of the human eye, the layered 
structure of the retina and more about several layers, which are substantial in the 
photoreceptor metabolism and in the pathology of age-related macula degeneration.  
 
1.1 Anatomy and Work Principle of the Human Eye 

   
Fig 1.1 Schematic diagram of the human eye.  
 
The Process of Seeing 
 
Visible light in the surroundings comes into the human eye through the pupil and then 
the lens. The lens focuses light onto the photoreceptive cells of the retina. The 
photoreceptors transform the optic signal from the surroundings into nerve impulses 
and send them to the brain through the fibres of the optic nerve.  The brain 
processes the signal and makes people perceive the picture.  
 
1.2 Retina  
 
Retina is a thin sheet of light sensitive nervous tissue in the back of the eye. In adult 
humans the entire retina is approximately 72% of a sphere about 22 mm in diameter.  
It is a stack of several neuronal layers and they transport signals through neurons 
between them [1] (Fig 1.2).  
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Fig 1.2 Layered structure of retina and its neurons.  
 
The light sensibility of the retina derives from the photoreceptor cells located almost 
outermost.  
 
The retina works in a counter-intuitive way. Light passes through the other layers 
before reaching the photoreceptor cells, where a cascade of chemical and electrical 
events happens and ultimately nerve impulses are triggered. These signals go back 
to the innermost ganglion cell layer via bipolar cells. Ganglion cells are the retinal 
output neurons: they code and compress the signals into a sequence of action 
potentials on the optic nerve. Horizontal cells and amacrine cells mediate lateral 
interactions in the outer and inner plexiform layers, respectively [3]. 
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The Optic Disc 
 

  
Fig 1.3  Normal fundus taken by fundus camera. Image courtesy of Doz. Dr. 
Schweitzer, University of Jena, Jena, Germany.  
 
The oval white area (Fig 1.4) is the optic disc, which is also known as the “blind spot” 
because it lacks photoreceptors. The ganglion cell axons exit the eye there to form 
the optic nerve.  
 
Photoreceptor 
 
There are two kinds of photoreceptors, namely cones and rods. There are ca.7 
million cones and ca.132 million rods [2]. Cones are less sensitive to light than the 
rods and function best in bright light. They make the perception of colour, 
visualization of fine details and observation of quick movements possible [5]. Rods 
function in dim light. Most cones concentrate in the macular area. 
 
Macula 
 
The oval-shaped highly pigmented yellow spot near the centre of the retina calls 
macula. It has a diameter of around 5 mm and is often histologically defined as 
having two or more layers of ganglion cells. 
 
Because the macula is yellow in colour it absorbs excess blue and ultraviolet light 
that enter the eye, and acts as natural sunglasses for this area of the retina. The 
yellow color comes from its content of lutein and zeaxanthin, which are yellow 
xanthophyll carotenoids, derived from diet. Zeaxanthin predominates at the macula, 
while lutein predominates elsewhere in the retina. There is some evidence that these 
carotenoids protect the pigmented region from some types of macular degeneration 
[4]. 
 
Fovea 
 
The fovea (or fovea centralis) (Fig 1.5) is the centre of macula and has a diameter of 
approximately 1.5mm. This small pit contains the largest concentration of cones but 
no rods.  
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Fig 1.4  Anatomy of the fovea region.  
 
The fovea is responsible for sharp central vision, which is necessary in humans for 
reading, watching TV, driving and any activity where visual detail is of primary 
importance. When an object is observed, the parts of interest will be fixed on the 
fovea sequently.  
  
 
1.3 Retinal Pigment Epithelium (RPE) and the Bruch’s Membrane (BM) 
 
The RPE and the BM are the outermost layers of retina and play important roles to 
maintain the normal function of the photoreceptors over them (Fig 1.2).  
 
RPE 
 
The RPE is composed of a single layer of hexagonal cells that are densely packed 
with pigment granules. It is brown in humans. 
 
The RPE phagocytoses the outer segment of photoreceptor cells consistently and 
are involved in the vitamin A cycle where it isomerizes all trans-retinol to 11-cis 
retinal. It also serves as the limiting transport factor that maintains the retinal 
environment by supplying small molecules such as amino acid, ascorbic acid and D-
glucose while remaining a tight barrier to choroidal blood borne substances. The tight 
junctions between the RPE cells are responsible for RPE’s role as the outer blood-
retinal barrier.  
 
In the fovea there are around 30 cones overlying a cell of RPE, while in the periphery 
the ratio is exactly reversed. The RPE cells in the macula area contain relatively 
more melanin [6].  
 
BM 
 
BM lies under the RPE and it is a membranous thickening of the choroid and has a 
thickness of 2-4 µm. The choroid, also known as the choroidea, is the vascular layer 
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containing connective tissue lying between the retina and the sclera. In humans its 
thickness is about 0.5 mm. This thin BM consists of five layers (from inside to 
outside) [7]: 
 

1. the basement membrane of the RPE 
2. the inner collagenous zone 
3. a central band of elastic fibres 
4. the outer collagenous zone 
5. the basement membrane of the choriocapillaris 
 

The choroid provides oxygen and nourishment through BM to the outer layers of the 
retina, while the RPE transports metabolic waste from the photoreceptors across BM 
to the choroid. 
 
BM thickens with age slowing the transport of metabolites. This may lead to the 
formation of drusen in age-related macular degeneration. There is also a build up of 
deposits within BM, which is called Bruch’s membrane deposits (BMD), primarily 
consisting of phospholipids. The accumulation of lipids appears to be greater in the 
central fundus than in the periphery. BMD seems to fragment BM in to a lamellar 
structure more like puff-pastry than a barrier. Inflammatory and neovascular 
mediators can then invite choroidal vessels to grow into and beyond the fragmented 
BM [7]. This process of choroid vessels migration under the retina is known as 
“choroidal neovascularization”, which could cause detachment of the retina layers 
through leak of blood, liquid or lipid and then lead to sudden loss of central vision – 
wet age-related macular degeneration. 
 
Image sources 
Fig 1.1 Rhcastilhos. Schematic diagram of the human eye.  Website Wikipedia: Eye. 
Link 
Fig 1.2 Schweitzer D. Basic Information in Ophthalmology. Department of 
experimental ophthalmology at the university of Jena.   
Fig 1.3 
Fig 1.4 Schweitzer D. Basic Information in Ophthalmology. Department of 
experimental ophthalmology at the university of Jena.   
 
References 
[1] Wikipedia: Retina Link 
[2] Online journal of ophthalmology. Das Auge in Zahlen. Link 
[3] Website of Max-Plank-Institut for Medical Research. Looking into dendrites of 
retinal neurons. Link 
[4] Wikipedia: Macula of retina Link 
[5] Wikipedia: Cone cell Link 
[6] Website of the German Society of Ophthalmology. Lecture about the Macular 
Degeneragtion Link 
[7] Wikipedia: Bruch’s membrane Link 
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Chapter 2 Age-Related Macular Degeneration (AMD) 

 
(* All image sources are listed at the end of this chapter.) 
 
AMD is a medical condition which is a major cause of visual impairment in older 
adults (>50 years). Approximately 10% of patients 66 to 74 years of age will have 
findings of macular degeneration. The prevalence increases to 30% in patients 75 to 
85 years of age [1]. AMD affects macula, the centre of the retina. Macula has only a 
diameter of around 5mm, which is almost 4% of the whole retina. However, it forms 
the central visual field, which accounts for 10% of the total. Fovea, the centre of the 
macula, contains the largest concentration of the cones, which are responsible for 
perception of color and observation of details. Therefore advanced AMD patients lose 
central vision and are unable to read, to drive or to recognize faces (Fig 2.1). 
   

 
Fig 2.1 Normal vision (left) and typical vision of AMD patients (right) 
 
AMD begins with the malfunction of the retinal pigment epithelium (RPE). It is a 
single-cell layer directly lying under the photoreceptors and phagocytosing the outer 
tip of them consistently. Some untreatable metabolic byproducts form a compound 
called lipofuscin and the lipofuscin accumulates with age in the lysosomes of RPE 
cells. There are no blood vessels flowing into the macular area. The metabolism of 
the large amount of photoreceptors in this area is supported by the delicate 
choroidcapillaries lying under RPE. Therefore this system will be severely disturbed 
when the RPE cells become inefficient. Then more and more metabolic wastes will 
be deposited in the trash bags, which are called drusen, within and between Bruch’s 
membrane (BM, a membranous thickening of the choroidcapillaries) and RPE. When 
the number of drusen increases and they get larger, RPE cells lose their living space 
and die. Then the photoreceptors will also die and the visual acuity is thus impaired. 
The geographical atrophy (GA) of RPE and photoreceptor cell death is known as the 
dry form of advanced AMD. Before or after this tragedy happens the human body will 
also try to save the photoreceptors sometimes. It sends SOS signal through 
inflammation or in other ways to the choroid. The choroidcapillaries tries to grow 
through BM and RPE to reach the photoreceptors and help them. However, this only 
makes things worse, for that the new vessels are usually fragile and leaky. The fluid 
can result in severe visual impairment overnight. This wet advanced AMD is called 
choroidal neovascularization (CNV).  
 
While wet AMD can be treated by the injection of lucentis and by the laser 
photocoagulation, there is still no approved therapy available for dry AMD. So it 
becomes the next major frontier for the pharmaceutical industry with more than 20 
new therapies under development. Here fundus autofluorescence (FAF) plays a key 
role by selecting high-risk patients and monitoring the therapy effects [2]. 
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Image sources 
Fig 2.1 Masksim. Human eyesight two children and ball normal vision.jpg. Kauczuk. 
Human eyesight two children and ball with age-related macular degeneration.jpg. 
Wikipedia: Macular degeneration. Link 
 
References 
[1] Website of The Eye Digest. Macular degeneration info. Link 
[2] Holz FG. (2010) Therapie der trockenen AMD – Licht am Ende des Tunnels. Z. 
prakt. Augenheilkd. 31: 135 – 138.  
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Chapter 3 Fundus Autofluorescence (FAF) Imaging 
 
(* All image sources are listed at the end of this chapter.) 
 
FAF imaging is based on the fluorescent character of lipofuscin, a compound of 
wastes of photoreceptor metabolism. Lipofuscin accumulates with age in the 
lysosomes of the RPE cells. Therefore not only the morphology but also the healthy 
state of RPE can be seen through FAF imaging. The mainstream devices for this 
application in the current market are the confocal scan laser ophthalmoscope and the 
fundus camera with FAF option. They work with different technologies and also adopt 
different wavelengths for their autofluorescence filters.   
 
3.1 Lipofuscin is Major Risk Factor of Macular Degeneration  
 
Lipofuscin is an aggregate of metabolism byproducts in the lysosomes of cells and is 
found largely accumulated in aged and postmitotic cells. Although phathological 
factors can also induce abnormal deposition of lipofuscin, its accumulation is a 
common aging event. Lipofuscin accumulation has been implicated in various age-
related diseases such as macular degeneration, Alzheimer disease, Parkinson 
disease and heart failure and is considered to be a major risk factor in the 
development of macular degeneration [1, 2].  
 
Lipofuscin is comprised of oxidized, cross-linked protein (30-58%), lipid (19-51%) as 
well as sugars and metals ranging from mercury, aluminium, iron, copper and zinc [3, 
4]. It appears as yellow-dark granular-like pigment. Its formation seems to be related 
with the rate of oxidative damage to the proteins and the efficiency of mitochondrial 
repair systems, the proteasomal system and the lysosomes [3]. The larger the rate of 
lipofuscin accumulation over time, the less future life time of the cell can be expected 
[3]. Based on these findings, monitoring the distribution and level of lipofuscin will 
help detect the first signs of early AMD and predict the further development of 
atrophy, cell death.  
 
3.2 Lipofuscin is Source of Autofluorescence 
 
Lipofuscin is an intrinsic fluorophore. That means it emits light after excitation with 
light. Both the excitation and the emission lights have specific wavelength features. 
This characteristic makes the autofluorescence imaging an important method for its 
detection.  
 
Now that FAF imaging displays the distribution of LF, it reveals biochemical 
information of the metabolism of the photoreceptors and the RPE function. This 
information cannot be got with other traditional fundus imaging methods such as 
fundus photograph or fluorescein angiography.  
 
Holz et al. [5] have proven, that FAF patterns of the hyperautofluorescence in the 
junctional zones of GA do impact the growth rate of GA. Another study by Holz et al. 
[6] showed that the patchy FAF pattern of the early AMD manifestations indicates a 
higher risk of progression into advanced AMD with severe visual loss.  
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Lipofuscin consists of several substances and an important one is A2E. At least two 
compounds in RPE lipofuscin have ~510 nm absorbance and form by pathways 
distinct from that of A2E. They are all-trans-retinal dimer, phosphatidylethanolamine 
(atRAL dimer-PE) and all-trans-retinal dimer-E (atRAL dimer-E) [7]. According to 
Delori et al. [8] the in vivo excitation spectrum of lipofuscin is between 430 and 600 
nm and the most efficient band is 480 – 510 nm; the emission spectrum is also broad 
(480-800 nm) and maximal in the 600-640 nm region. 
 
3.3 Difficulties in FAF Imaging 
 
The main difficulties by acquiring FAF signal from RPE are the weakness of the 
signal and relatively high level of the noise, which is fluorescence from other 
structures in front of or under the RPE. The main culprit is the lens autofluorescence 
(lens AF), which has a broad peak ranging from 500 to 550 nm for the commonly 
used wavelengths for autofluorescence photography of the fundus [9]. The lens AF 
needs to be either suppressed or bypassed. 
 
3.4 Technologies for FAF Imaging 
 
There are two technical solutions of FAF Imaging available in the current market, 
namely the confocal scanning laser ophthalmoscope (cSLO) and fundus camera with 
special filter settings. The following picture is an autofluorescence image of a normal 
fundus (Fig 4.1). 
 

 
Fig 3.1 Autofluorescence images of a 57-year-old subject with normal retinal status 
obtained with VISUCAM fundus camera (Carl Zeiss Meditec, Germany). Low pixel 
values (dark) present low intensity of lipofuscin, while high pixel values (bright) stand 
for high intensity.  
 
The blood vessels are dark in the FAF images because of the absorption of photots 
by hemoglobin. The papilla is medium dark because there is no lipofuscin but the 
reflex is relative strong. The dark macular is due to the absorption of shortwave light 
by luteal pigment (lutein and zeaxanthin) lying above the photoreceptors. 
 
Scanning Laser Ophthalmoscope 
 
Scanning laser ophthalmoscopes have a confocal capability with which the 
autofluorescence of points not lying on the conjugate planes will be rejected (Fig 3.2). 
This allows cSLO to use excitation and barrier wavelengths effectively exciting A2E 
(excitation: 488nm; detection: 520nm) to obtain FAF photographs despite the lens 
AF. 
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Fig 3.2 [10] Top picture: Principle of the confocal scanning laser ophthalmoscope. 
The laser is focused through a pinhole diaphragm to the focal plane. The reflect laser 
light is separated by a beam splitter from the incident laser beam path and is 
deflected through a second pinhole to reach a photosensitive detector. Light 
originating outside the focal plane is effectively suppressed by the pinhole. Lower 
picture: Schematic illustration of the confocal optics. Light originating from the precise 
plane of focus (here, the retinal pigment epithelium) can pass through the pinhole 
and reach the detector. In contrast, light originating in the light beam but out of the 
focal plane is blocked.  
 
Fundus Camera with FAF Filter Set 
 
A fundus camera gives light at once and gets the photo of the whole fundus. (Fig 3.3, 
Fig 3.4). 
 

 
 
Fig 3.3 Schematic diagram of a fundus camera 
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Fig 3.4 The observation area is smaller than that of the illumination. The larger the 
diameter of the observation beam, the higher is the resolution. However, the distance 
for alignment (green arrow) will be reduced and more accurate manipulation will be 
required. 
 
To bypass the lens AF fundus cameras adopt the excitation and emission 
wavelengths more toward the red end of the spectrum (Table 3.1).  
 
Filter set Excitation (nm) Detection (nm) 
cSLO 
Spectralis HRA 
Heidelberg Engineering 

488 > 500 

F-10 
Nidek 

490  

Fundus Camera 
VISUCAM (Uni/500) 
Carl Zeiss Meditec 

510-580 650-735  

FF 450+ 
Carl Zeiss Meditec 

510-580 650-735 

TRC-50DX 
Topcon 

535-585 615-715 

CX-1 
Canon 

530-580 640 

 
Table 3.1 The filter sets of the commercial available cSLOs and the fundus cameras. 
 
The VISUCAM fundus camera of Carl Zeiss Meditec uses infrared light, which is 
unvisible and comfortable for the patients, to orientate the camera and focus on the 
target regions. Then it takes one photo of the whole fundus (45° for normal and 
dilated pupils, 30° for small pupils). This original photo is also the result image. 
Standard image processing to this image afterwards with VISUCAM is possible.  
cSLO scans the fundus with not so strong blue light for a relative longer time and 
take a number of photos (25°). The final image is an average of several original 
photos.  
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A  B  

C  
Fig 3.5 Autofluorescence images of a 74-year old male patient. He suffers from 
geographic atrophy and papilla drusen. A was taken with a cSLO (Heidelberg 
Engineering, Germany), B was taken with a VISUCAM fundus camera (Carl Zeiss 
Meditec, Germany) and C is the processed VISUCAM image. Lines with increased 
signal in the atrophy areas can be observed in the VISUCAM images, which is 
secondary to the reflex of the choroid. 
 
Image sources 
Fig 3.1 Huan Feng 
Fig 3.2 Holz FG, Schmitz-Valckenberg S, Spaide RF, Bird AC. (2007) Altas of fundus 
autofluorescence imaging. Springer-Verlag Berlin Heidelberg. Chap.3: Fig.3.1 
Fig 3.3-3.4 Images of the back of the eye. Carl Zeiss Meditec traning material for the 
technical service. 
Fig 3.5 Huan Feng  
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Chapter 4 Customer Value of FAF Imaging 
 

     (* All image sources are listed at the end of this chapter.) 
 
FAF is an outstanding tool to visualize GA, to predict its progression and to indicate 
the further development of early AMD, because lipofuscin, the fluorophore of it, plays 
an important role in AMD.  
 
GA is characterized with loss of RPE cells. When RPE cells die, the lipofuscin grains 
also disappear. Therefore GA presents itself with intensively decreased signal in FAF 
images. What’s interesting is that there are oft hyperautofluorescent regions 
directly/indirectly around the GA lesions, where the cells are sick with over-
accumulation of lipofuscin in them and are going to die in the near future. It means 
that GA will grow into these areas or new GA lesions will develop.  
 
It has also been found that FAF patterns of early AMD indicate different risk levels of 
its developing into GA or wet form and the FAF patterns of the 
hyperautofluorescence in the junctional zones of GA influence the growth rate of GA.  
 
4.1 To Recognize GA Early and to Monitor Its Progression Non-Invasively 
(Without Dye) 
 
Geographic atrophy is large area of RPE cells death associated with atrophy of the 
photoreceptors. The intrinsic fluorophore lipofuscin disappears with the loss of RPE 
cells. Therefore the GA areas are showed with strongly decreased signal in the 
autofluorescence images. Compared to the fundus photos the GA patches are easier 
to be recognized and more sharply delineated in FAF images. An advantage of FAF 
over angiography is its non-invasivity. What’s more, there are oft 
hyperautofluorescent areas around the GA patches, which are formed by sick RPE 
cells with lipofuscin over-accumulation and indicate further cell death. These 
hyperautofluorescent areas can only be seen through FAF imaging.  
………………………………………………………………………………………………….. 
Based on these findings we come to the conclusion that FAF imaging is a non-
invasive method to recognize GA in time and to predict its progression. It could play a 
strong role in the dry AMD therapies in the future.   
………………………………………………………………………………………………...... 
 

A  
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B  C  
Fig 4.1 Patient: 79 year old, female. A: Funduds photo; B: FAF Image taken with 
VISUCAM; C: Fluorescein angiography. Firstly let’s compare A with B. Then it’s 
found that the boundary of the largest GA patch is diffuse and the second largest one 
nearly cannot be recognized in A, while all the lesions are clear and sharply 
delineated in B. Secondly, referring to C we see B gives the right information about 
the form and size of GA lesions.  What also noticeable is the increased signal in the 
junctional zones of GA. It is only visible in B.  
 
4.2 To Diagnose AMD in Very Early Phases 
 
It was well known that drusen and pigment clumping are the important signs of early 
AMD. Drusen, the containers of the metabolism wastes, deposit between and within 
the Bruch’s membrane and the RPE. They can get larger and more in number with 
time. They can then block the exchange of nutrition and wastes between RPE and 
choroid. This results in cell death or even promotes the growth of abnormal leaky 
vessels. With pathological depositions such as drusen or something else between 
them the RPE cells try to survive and they gather in the safe positions and pigment 
clumping forms in this way. It is also a risk factor for atrophy [9] and 
neovascularisation [20, 21].  
 

A  B  
Fig 4.2 Large, soft drusen. A is fundus photo and B is FAF image. 
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A  B  
Fig 4.3 The dark, discontinuous lines in the macular area are pigment clumping. A is 
fundus photo and B is FAF image. 
 
The large soft drusen are generally showed as yellow-white patches in the fundus 
photos. However, in the autofluorescent images they have different appearances. In 
a clinical study of Huan Feng (please refer to Chapter 5.4 for details) three types of 
soft-drusen-AF have been observed, namely a hyperautofluorescent patch, a 
hyperautofluorescent patch with a core with strongly reduced signal and a mildly 
hypoautofluorescent patch with a thin hyperautofluorescent ring around it. That tells 
us, drusen could have different constituents or different stages. These details could 
be recognized with FAF imaging. It could contribute to the research of the mysterious 
pathology of AMD and a more accurate diagnosis.  
 
In this study it was also found that the pigment deposition, which is recognized as 
dark-red continuous/discontinuous lines in the fundus photos, is showed as 
increased signal in the autofluorescence images. Furthermore, the FAF is more 
sensitive. Please refer to Chapter 5.4 for details. 
………………………………………………………………………………………………….. 
Based on these findings we come to the conclusion that FAF is a proper tool to 
detect the first pathological changes of AMD.  
………………………………………………………………………………………………….. 
 
4.3 To Serve as a Prognostic Determinant 
 
4.3.1 Lipofuscin Over-Accumulation Indicates Cell Death  
 
It is believed that the over-accumulation of lipofuscin can indicate areas of eventual 
cell death and contribute to the pathogenesis of AMD. FAF allows us to detect the 
subtle abnormalities of the lipofuscin distribution. These changes serve as the early 
sign of the onset of AMD or the further development of it. 
 
Noxious effects of lipofuscin range from photochemical blue light damage, inhibition 
of lysosomal digestion of proteins, detergent-like disruption of membranes, RPE 
apoptosis, and DNA damage [3]. Holz has observed that the retinal areas with 
hyperautofluorescence will undergo cell death and will cause scotoma [4]. Dr. Smith 
has found the total amount of hyperautofluorescence in the macula seemed to be a 
marker for overall disease activity and indicate how the disease will progress [4].  
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                                                      A  

B  C  

                                                     D  

E  F  
Fig 4.4 Patient: 71-year old, male. A, D: Fundus photos taken with VISUCAM in 
2010; B, E: FAF images taken with HRA in 2008; C, F: FAF images taken with 
VISUCAM in 2010. A, B and C are of the right eye, while D, E and F belong to the left 
eye. The GA area in the right eye has grown obviously into the previous 
hyperautofluorescence in the 8 o’clock direction. The GA in the left eye had more 
hyperautofluorescence regions in 2008 compared with its fellow eye.  Two years later 
it also has more extended - exactly into the regions where the hyperautofluorescence 
was. If we compare the FAF images with the fundus photos and we will find the 
hyperautofluorescent patches are invisible in the latter. 
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4.3.2 Reticular Autofluorescence Is Risk Factor of CNV 
 
Reticular autofluorescence was identified by Lois et al and is characterized as a 
grouping of ill-defined hypofluorescent lesions against a background of mildly 
elevated autofluorescence [5].  Dr. Smith (Columbia University, USA) has found in a 
retrospective study, that reticular hypoautofluorescence, consistent with widespread 
inflammatory damage to the RPE, is strongly associated with the further development 
of CNV [6].  
 

A  B  

C  D  
Fig 4.5 Patient: 74-year old, female. A, C: fundus photos taken with FF 450 fundus 
camera (Carl Zeiss Meditec, Germany); B, D: FAF images taken with VISUCAM. A 
and B are of the right eye, while C and D belong to the left eye. In A we find subtle 
yellow lesions in the area above the macula and in C there is almost no discernible 
lesion. B and D display reticular AF around the macula clearly.   
…………………………………………………………………………………………………. 
Trough the example above (Fig 4.5) we see reticular AF is more sensitive than 
reticular drusen. 
....................................................................................................................................... 
 
Huan Feng (Technical University of Munich, Germany) has found a couple of GA 
cases with reticular drusen in the background in one of her studies. It will be 
interesting for the further studies to find out if there is also correlation between the 
reticular drusen and the development of GA. 
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A  B  
Fig 4.6 0422vf They are two cases of reticular autofluorescence together with GA. A 
is of the right eye of a 84-year old female patient and B is of the right eye of a 83-year 
old female patient. Both images were taken with VISUCAM.  

 
4.3.3 Autofluorescence Patterns are Prognostic Determinants of AMD 
 
Fundus autofluorescence shows not only the morphology of RPE but also its 
metabolism activity, for lipofuscin as an important byproduct of metabolism takes 
biological and chemical information with it. It is a disease marker. Certain FAF 
patterns of early AMD indicate higher risk of its developing into wet form or 
geographic atrophy (GA) and FAF patterns in the junctional zone of GA affect the 
enlargement rate of GA [7,8,9]. Therefore FAF can be helpful for the clinicians to 
distinguish fast progressers from slow ones and to choose their therapies. 
 
Early studies using FAF imaging have already reported interindividual differences in 
the distribution and appearance of these areas, while there was a high degree of 
intraindividual symmetry [10, 11]. Bindewald et al. [7, 8] believe, that distinct patterns 
may reflect heterogeneity at a cellular and molecular level in contrast to a non-
specific aging process. They have also classified FAF patterns in early AMD and in 
the junctional zone of GA.  
 
4.3.3.1 Patterns of Early AMD Manifestations 
 
Bindewald et al. [7] have described and classified 8 patterns of abnormal FAF in eyes 
with early nonexudative AMD, namely normal, minimal change, focal increased, 
patchy, linear, lacelike, reticular and speckled. The results indicate that the 
classification system yields a relatively high degree of intra- and interobserver 
agreement. They expect that it might be applicable for determination of novel 
prognostic determinants in longitudinal natural history studies, for identification of 
genetic risk factors, and for monitoring future therapeutic interventions to slow the 
progression of early AMD. Based on these observations, they have initiated 
longitudinal studies to address the hypotheses of possible evolution from one 
abnormal FAF pattern to another and of gradual peripheral spread during the disease 
process. The author of this Master-thesis has not got to know any results of these 
following studies so far. 
 
In the other studies Einbock et al. have defined a ninth pattern, focal plaque-like 
pattern (Fig.4.13) [10, 14].  
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Fig 4.7 Normal pattern. FAF image (B) with a homogeneous background 
fluorescence and a gradual decrease in the inner macula toward the fovea due to the 
masking effect of macular pigment. (A)  
 

 
Fig 4.8 Minimal change pattern. Fundus photograph (A) and FAF image (B) with 
only minimal variations from the normal background FAF. There is very limited 
irregular increase or decrease in FAF intensity due to multiple small hard drusen.  
 

 
Fig 4.9 Focal increased pattern. FAF image (B) showing several well-defined spots 
with markedly increased FAF. (A) Fundus photograph of the same eye with multiple 
hard and soft drusen.  
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Fig 4.10 Patchy pattern. The FAF image (B) shows multiple large areas (>200 µm 
diameter) of increased FAF corresponding to large, soft drusen and/or 
hyperpigmentation in the fundus photograph.  
 

 
Fig 4.11 Linear pattern. It is characterized by the presence of at least one linear 
area with markedly increased FAF, visible in this FAF image (B). A corresponding 
hyperpigmented line is visible in the fundus photograph (A).  
 
 

 
Fig 4.12 Lacelike pattern. In this FAF image (B) multiple branching linear structures 
of increased FAF form a lacelike pattern. This pattern of increased FAF may 
correspond to hyperpigmentation on the fundus photograph (A) or to no visible 
abnormality.  
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Fig 4.13 Reticular pattern. Multiple specific small areas of increased FAF with 
brighter lines between characterize this pattern as shown in this FAF image (B). The 
reticular pattern not only occurs in the macular area but is found more typically in a 
superotemporal location. There may be visible reticular drusen in the corresponding 
fundus photograph (A).  
 

 
Fig 4.14 Speckled pattern. This FAF image (B) shows a variety of FAF 
abnormalities in a larger area of the FAF image that characterize this pattern. There 
seem to be fewer pathologic areas in the corresponding fundus photograph (A)  
 

 
Fig 4.15 Focal plaque-like pattern. At least one larger area (>200 µm diameter) of 
marked increased AF 
 
 
Impact of Patterns of Early AMD on Its Progression  
 
Moessner et al. [9, 10] have done studies to observe the progression of early 
nonexudative AMD.  
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………………………………………………………………………………………………….. 
The results showed that the early AMD patterns indicate various levels of risk of its 
developing into advanced forms. 
…………………………………………………………………………………………………..  
 

Rate of early AMD patterns developing GA/Exudative change 

Pattern Study 1 [9]  Study 2 [10]  
 Frequency 

(n=123) 
Ratio of eyes 
with this 
pattern 
changing into 
GA  

Frequency 
(n=125)  

Ratio of eyes 
with this 
pattern 
changing into 
wet form 
(follow-up mean 
18±6 months) 

1. Minimal 
change 

24% 0 12% 0 

2. Focal 
increased 

22% 4% 16% 0 

3. Patchy* 21% 15% 28% 17% 
4. Reticular 11% 0 20% 4% 
5. Lace-like 10% 83% 8.8% 0 
6. Speckled 6% 43% 5.6% 0 
7. Focal  
plaque-like 

3% 75% 3.2% 50% 

8. Linear 3% 75% 6.4% 0 
 
Tabel 4.1 Rate of early AMD patterns developing GA or exudative changes. 
* Patchy pattern is a main cause of severe visual loss: In Study 2 a total of 11 eyes 
presented with severe visual loss (≥6 ETDRS lines) in the follow-up period. Ten 
(91%) of these had patchy AF pattern at baseline. 
 
Reticular drusen are associated with a high incidence of CNV. In the study of Arnold 
et al [12] 66% of patients with reticular pseudodrusen had or developed CNV. In 
another study by Dr. Smith it was found, that reticular AF defined essentially the 
same pathology as reticular pseudodrusen, and was even slightly more sensitive [4].  
According to these findings the reticular FAF pattern may help clinicians determine 
whether or not an eye will develop CNV.  
 
4.3.3.2 Patterns of Abnormal FAF in the Junctional Zone of GA 
 
Bindewald et al. reported after a prospective study on a refined classification of FAF 
patterns: None, Focal, Banded, Patchy and Diffuse. In the None pattern there is no 
hyperautofluorescence regions around the GA lesion; in Focal, Banded and Patchy 
patterns the increased AF signal appears only at the margin of the GA patches; in the 
Diffuse pattern the increased signal distributes in larger areas. The diffuse pattern 
was subdivided into four groups including reticular, branching, fine granular and fine 
granular with peripheral punctate spots [6]. During the study on the spread rates of 
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different patterns of GA Holz et al. have defined a new diffuse pattern, namely the 
trickling pattern (Fig 4.22) [11]. 
 

 
Fig 4.16 None pattern. Normal background FAF outside the central patch of GA (66 
year old patient, left eye, visual acuity (VA) 5/80). The atrophic area is associated 
with a markedly decreased FAF because of the absence of RPE cells, and, thus, 
autofluorescent lipofuscin.  
 

 
Fig 4.17 Focal pattern. Multiple patches of markedly focal increased FAF at the 
margin of the atrophic patch (77 year old patient, right eye, VA 5/80).  
 

 
Fig 4.18 Banded pattern. There was a continuous stippled band of increased FAF 
surrounding the entire atrophic area. 
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Fig 4.19 Patchy pattern. They showed larger areas of patchy increased FAF outside 
the area of GA. FAF intensity of these patches tended to be of lesser degree 
compared with the focal pattern described above.  
 
Diffuse patterns: 
 

 
Fig 4.20 Reticular pattern. It’s characterized by various lines of increased FAF with 
a preferred radial orientation. 
 

 
Fig 4.21 Branching pattern. There was a diffuse increased FAF with a fine 
branching pattern of an increased FAF signal.  
 

 
Fig 4.22 Fine granular pattern. It is characterized by a larger area of increased FAF 
with a granular-like appearance surrounding the GA. There was a clear border 
between the granular increased FAF and the surrounding normal background FAF.  
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Fig 4.23 Fine granular with peripheral punctate spots pattern. It’s a diffuse FAF 
change surrounding the atrophic area there were elongated small lesions with 
increased FAF signal.  
 

 
Fig 4.24 Trickling pattern. Atrophy greyish, high intensity at margin, seeping 
towards periphery.  
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Impact of Patterns on the Spread Rate of GA 
 
Holz et al. have observed the progression of GA with various FAF patterns in the 
junctional zones and found that the pattern did influence the spread rates of GA and 
might therefore serve as prognostic determinants (Tabel.4.2) [11]. 
 

Progression Rates of GA with different patterns [11]  
Pattern Frequency (n=195 eyes 

of 129 patients) 
Median progression rate (mm2/year; 
median follow-up 1.80 years; 
1.5 mm2/year overall) 

1. None 8.7% 0.38  
2. Focal 7.2% 0.81 
3. Banded 12.3% 1.81 
4. Patchy 1.5% 1.84 (Data from one case) 
5. Diffuse 57.4% 1.77 
5.1 Reticular 6.2%  
5.2 Branching 23.1%  
5.3 Trickling 4.6% (3.02)** 
5.4 Fine 
granular 

18.5%  

5.5 Fine 
granular with 
peripheral 
punctate 
spots 

5.1%  

6. Remaining* 12.8% 1.28 
 
Tabel 4.2  Spread rates of GA with different patterns. *14 eyes were not grouped to 
one of these FAF types, because there was no predominant FAF pattern in the 
junctional zone of GA.  In 11 eyes, a classification was not possible attributable to 
insufficient image quality. ** Within the group of the diffuse pattern, eyes with a 
diffuse trickling pattern could be identified that exhibited an even higher spread rate 
(median 3.02 mm2/year) compared to the other diffuse types (1.67 mm2/year) 
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4.4 To Track the Dry AMD Therapy Effects in the Future  
 
90% AMD patients suffer from dry AMD, making it a leading cause of vision loss in 
people over the age of 50. There are still no approved therapies for this condition till 
now. It makes dry AMD the next major frontier in the pharmaceutical industry with 
more than 20 therapies in clinical trial. The important criteria by tracking the effect of 
GA therapy could be the GA size, which can be measured in the FAF images, and 
the abnormalities in the junctional zones, which indicate further progression of the 
atrophy and can only be seen in FAF images other than other traditional imaging 
methods. Based on the FAF pattern systems introduced previously fast progressors 
can be distinguished from the slow ones and thus the recruiting period and the 
sample size of the clinical trials could be reduced [19]. 
  
Phlip J. Rosenfeld and John Legarreta [15] have made an overview of the preclinical 
and phase 1 drugs for dry AMD therapy. According to them, a main factor hampering 
the drug development is the uncertainty surrounding the best molecular pathway to 
target. The evolved strategies have targeted three major therapeutic areas: 
preservation of photoreceptors and the RPE, prevention of oxidative damage, and 
suppression of inflammation.  
…………………………………………………………………………………………………. 
The most obvious study endpoint would be the preservation of visual acuity, which 
will take a lot of years to reach. To reduce the time required to show a benefit from a 
drug, surrogate endpoints have been or would be adopted: to prevent the disease 
progression from dry into wet form; to decrease the need for retreatment with 
antiangiogenic therapy in wet AMD or improve the visual acuity outcome; to reduce 
the area or volume of drusen; to hinder the growth of GA. 
………………………………………………………………………………………………….  
 
 
 
Drugs to Promote the Survival of Photoreceptors and the RPE  
 
The strategies under this concept are to protect cells from ischemia, to inhibit 
photoreceptor apoptosis by using neuroprotective agents, to decrease the 
accumulation of toxic metabolities such as lipofuscin or to decrease amyloid β in the 
eye. The following table is a summarization of these therapies. 
 
 

Drugs to preserve  photoreceptors and the RPE 

Drug Mechanism of 
Action 

Disease Application Clinical trial 
phase 

Trimetazidine  
(Vastarel MR, 
35 mg) 

Anti-ischemic 
agent with 
cytoprotective 
effects  

AMD: 
GA and 
drusen 

Oral  1 

Alprostadil 
(Prostaglandin 
E1; PGE1) 

Vasodilatory 
effect  

AMD: GA intravenous 2 
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Rheopheresis 
Trial [16] 

Double filtration 
plasma 

Dry AMD Blood filtration 
device 

3 

NT-501: 
encapsulated 
ciliary 
neurotrophic 
factor (CNTF) 

Neuroprotection: 
rescues 
photoreceptors 
from 
degeneration 

AMD: GA Intravitreal 
implant 

2 

Brimonidine 
tartrate 

Neuroprotection: 
alpha-2 
adrenergic 
receptor agonist  

AMD: GA Intravitreal 
implant 

2 

Tandospirone 
(AL-8309B) 

Neuroprotections: 
5-HT1A receptor 
agonistis 
(selective 
serotonin 1A 
receptor agonist) 

AMD: GA Ophthalmic 
topical solution 

2 

Fenretinide Visual cycle 
inhibitor: retinol 
analog inhibits 
binding of retinol 
to RBP 

AMD: GA oral 2 

ACU-4429 Visual cycle 
inhibitor: 
Nonretinoid 
inhibits 
isomerisation of 
retinol 

Dry AMD oral 1 

RN6G (anti-
Amyloid β 
antibody) 

Neuroprotection: 
binds and 
eliminates 
amyloid β and 
prevents 
cytotoxic effects 

AMD: GA systemic 1 

 
Table 4.3 Drugs to preserve photoreceptors and the RPE 
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Drugs to Prevent Injury from Oxidative Stress and Micronutrient Depletion 
 
In AMD, oxidative damage and consumption of essential micronutrients are 
considered to be driving forces in disease progression. A study evaluated the effect 
of pharmacologica doses of zinc and/or a formulation containing nutrients with 
antioxidant properties (vitamin C, vitamin E, and beta-carotene) on the rate of 
progression to advanced AMD and on visual acuity. It was found that the risk of 
developing advanced AMD by about 25% and the overall risk of moderate vision loss 
was reduced by 19% at five years. The therapies are listed in the following table. 
 

Drugs to prevent injury from oxidative stress and micronutrient 
depletion 

Drug Mechanism of 
action 

Disease Application Clinical trial 
phase 

*AREDS2: ± 
AREDS 
formulation ± 
High/Low Zinc ± 
Beta-carotene ± 
Lutein/Zeaxanthin 
± Omega-3 long-
chain PUFAs 
(DHA/EPA) 

Antioxidant ± 
micronutrient 
supplementation

AMD: Drusen Oral 3 

OT-551 
(piperidine 
derivative) 

Antioxidant, 
anti-
inflammatory 
(downregulates, 
nuclear factor 
kappa B: NF-
kB), and 
antiangiogenic 
agent 

AMD: GA Topical 2  
(Study 
stopped in 
October 
2009) 

 
Table 4.4 Drugs to prevent injury from oxidative stress and micronutrient depletion 
* The effect of the drug AREDS2 can be measured with the new imaging module 
Macular Pigment Density (MPD) of VISUCAM. MPD illustrates the distribution and 
density of the luteal pigment over photoreceptors and gives the related data analysis.  
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Drugs to Suppress Inflammation 
 
Genetic association studies using different populations have shown that inflammation 
appears to be the driving force behind AMD and implied that inhibition of complement 
activation would be a reasonable strategy for the treatment of AMD. The therapies 
are listed in the following table. 
 

Drugs to suppress inflammation 

Drug Mechanism of 
action 

Disease Application Clinical study 
phase 

Eculizumab 
(Soliris) 

Monoclonal 
antibody against 
complement 
component 5 

Dry AMD: 
GA and 
drusen 

Intravenous 
antibody 

2 

FCFD4514S Fab derived 
from a 
monoclonal 
antibody against 
complement 
factor D 

Dry AMD Intravitreal 
injection [17] 

1 

JPE1375 Peptidomimetic 
antagonist 
against 
complement 
factor C5a 
receptor 

Dry AMD  Preclinical  

TA106 Antigen-binding 
fragment from a 
monoclonal 
antibody against 
complement 
factor B 

Dry AMD  Preclinical 

Complement 
factor H 
protein 

Supplementation 
with wild-type 
complement 
factor H protein 

Dry AMD  Preclinical 

Glatiramer 
acetate 
(Copaxone) 

Induces 
glatiramer 
acetate-specific 
suppressor T-
cells and 
downregulates 
inflammatory 
cytokines 

Dry AMD: 
drusen 

subcutaneous 1, 2/3 

Fluocinolone 
acetonide 

Glucocorticoid-
mediated 
suppression of 
inflammation 

Dry AMD: GA Medidur 
intravitreal 
implant 
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Sirolimus 
(rapamycin) 

Sirolimus-
mediated 
suppression of 
inflammation 

Dry AMD: GA Subconjunctival  1/2 

 
Table 4.5 Drugs to suppress inflammation 
 
As introduced previously FAF is the optimal tool to observe GA, to measure its 
growth and even to predict its progression. No matter how the therapies function and 
no matter which endpoints are adopted for the clinical trials, the final goal is to 
prevent the growth of GA and therefore to perverse the visual acuity. Once there are 
approved therapies for dry AMD, FAF imaging should become a basic tool to control 
their effects.  
 
As we know, different FAF patterns of drusen indicate various levels of risk of 
developing into wet form or GA. But it is still unknown, if a pattern would evolve into 
another one. If any therapy could change a pattern into a less dangerous one, e.g. 
from lace like into linear, it could prevent further vision loss.   
 
 
4.5 To Monitor the Health State of RPE 
 
RPE is the layer between photoreceptors and the choroidcapillaries. RPE cells 
phagocytose the outer tips of the photoreceptors and supply them with nutrients. 
Then RPE cells digest the debris and accumulate wastes in their lysosomes as 
lipofuscin or in the trash bags – drusen between or within RPE and Bruch’s 
membrane. One day the wastes severely disturb the metabolism between RPE and 
the underlying choroidcapillaries, RPE cells die and/or abnormal leaky vessels grow. 
Then photoreceptors will also die and it causes damage to the vision. As introduced 
in Chap.2 macular area containing the largest density of photoreceptors is also most 
vulnerable. Age-related macular degeneration happens this way. This means the 
health state of RPE plays a very strong role in the pathology of AMD. 
 
Lipofuscin is a general name of the aggregate of the undigested substances 
including highly oxidated protein, lipid, sugar and metals in the lysosomes of RPE 
cells. Over-accumulation of lipofuscin is an alarm for the overload of RPE metabolism 
and the potential pathological changes. So the distribution and level of lipofuscin is 
an important index of the health state of RPE. It is meaningful to control this index in 
people over 45-years from time to time for early prevention of AMD.  
 
FAF imaging visualizes lipofuscin and maybe the technological improvement will 
make the quantification of lipofuscin distribution/amount possible. Then this 
procedure would be included in the routine examination of the retinal health. 
 

 38



A  B  
Fig 4.25 Patient: 52-year old, male. A, B: Fundus photo (A) and FAF image (B) taken 
with VISUCAM. There is an almost normal fundus to find in A, while B reveals large 
areas of RPE pathological changes. 
 
 
4.6 To Compare FAF Images between Fundus Camera and cSLO 
 
The dominant tool for FAF currently is the confocal scan laser ophthalmoscope of 
Heidelberg Engineering, It uses blue laser with a single wavelength of 488 nm to 
excite the lipofuscin and selects the feedback signal with a cut-off filter, which blocks 
light with wavelength shorter than 500 nm. However, lipofuscin is a mixture of various 
substances and can be excited between 430 and 600 nm and has a broad emission 
spectra of 480 – 800 nm [13]. The cSLO targets at A2E, which is one of the most 
important constituents of lipofuscin. The cSLO is able to suppress AF of structures 
other than RPE effectively. But the mono-wavelength strategy might miss certain 
information in some cases. When FAF is going to be applied to control in the future 
dry AMD therapy effects, it might have to meet higher requirements i.e. more exact 
und more complete medical information. The VISUCAM adopts wide-band excitation 
(510-580 nm) and wide-band barrier filter (650-735 nm). It’s meaningful to compare 
the information got with the two technologies and learn more about FAF. 
 
 
Image sources 
Fig 4.1 – 4.6 Huan Feng 
Fig 4.7 - 4.14  Bindewald A, Bird AC, Dandekar SS et al. (2005) Classification of 
fundus autofluorescence patterns in early age-related macular disease. Invest 
Ophthalmol Vts Sct 46: 3309-3314 
Fig 4.15 Einbock W, Moessner A, Schnurrbusch Ute E.K., Holz FG et al. (2005) 
Changes in fundus autofluorescence in patients with age-related maculopathy. 
Correlation to visual function: a prospective study. Graefer’s Arch Clin Exp Opthalmol 
243:300-305 
Fig 4.16 - 4. 24 Bindewald A, Schmitz-Valckenberg S, Jorzik J J, et al. (2005) 
Classification of abnormal fundus autofluorescence patterns in the junctional zone of 
geographic atrophy in patients with age related macular degeneration. Br J 
Ophthalmol 89: 874-878. 
Fig 4.25 Huan Feng 
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Chapter 5 Comparison of FAF Images between VISUCAM and HRA 
 
A two-month long clinical trial was performed to compare FAF images taken with a 
VISUCAM fundus camera (Carl Zeiss Meditec, Germany) and with a HRA + OCT 
cSLO (Heidelberg Engineering, Germany).   
 
Background 
The most popular tool for FAF imaging currently is the HRA cSLO. Most of the 
researches and literatures in this area in the last decade are also about this device. 
Fundus camera is a more economical alternative to cSLO for FAF imaging.  
 
What’s interesting is if the fundus camera FAF images could supply comparable or 
even additional medical information considering the different technology it uses.  
 
Firstly, based on its confocal ability cSLO accepts only emission from the RPE layer, 
while fundus camera takes feedback from more layers including the overlying 
neurosensory layers as well as the underlying choroid layer.  
 
Secondly, they have different filter features. HRA cSLO applies a single-wavelength 
excitation at 488 nm targeting at A2E, which is an important noxious constituent of 
lipofuscin, and a cut-off filter (> 500 nm) for detection. To bypass the lens AF fundus 
cameras use band-wide excitation filters lying more towards the red end of the 
spectrum. They also use band-wide barrier filters for detection.  
 
Schmitz-Valckenberg et al. [1] did a clinical study to compare FAF images between 
cSLO and fundus camera with 32 eyes of 16 patients with GA in 2008. The tools they 
used were HRA cSLO and a Topcon fundus camera (excitation: approximately 500 – 
610 nm; emission: approximately 675 – 715 nm). They have come to the conclusion 
that firstly FAF images with adequate quality for atrophy quantification could be got 
with both devices and secondly cSLO FAF images have higher image quality and are 
therefore more suitable for pattern identification. The inferior image quality of fundus 
camera was ascribed to its nonconfocality and application of a single image instead 
of an average image of a couple of original images as cSLO did.  
 
This study [1] is a very good beginning in the evaluation of the FAF imaging devices 
and it stimulates others to answer the questions left. For example, are there 
differences between the two technologies in photographing early AMD? How do 
other devices perform? 
 
To fill in the blanks, a comparison between VISUCAM and HRA is going to be carried 
out. VISUCAM is another largest product group in the FAF imaging market and its 
filter feature differs from that of Topcon. However, there are no performed studies 
comparing the FAF image between Zeiss fundus camera and HRA cSLO till now. A 
larger sample will be recruited and the focus lies not only in GA but also in early non-
exudative AMD.  
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Purpose 
This clinical study aims to find out, whether VISUCAM FAF images provide 
comparable medical information in the diseases GA and early dry AMD as cSLO 
does and what are the differences between them.   
 
Methods 
136 eyes of 83 patients with GA/early non-exudative AMD were included. All patients 
have had their pupils dilated and have gone through a routine ophthalmological 
examination and the fundus was photographed with the imaging modules fundus 
photography, FAF, OCT (for the most patients) and FA (for some patients). The 
devices used for fundus photography were the fundus camera FF450 and VISUCAM. 
Both of them are products of the company Carl Zeiss Meditec located in Jena, 
Germany. FAF imaging was performed with the Spectralis HRA + OCT cSLO (for 
short: HRA) (Excitation: 488 nm; Emission: > 500 nm) (Heidelberg Engineering, 
Heidelberg, Germany) and VISUCAM (Excitation: 510 – 580 nm; Emission: 650 – 
735 nm). OCT and FA images were taken with the HRA cSLO.  
A single FAF image taken with VISUCAM was then compared with the HRA FAF 
image, which is an average of 10 frames of a several-second-long live video. 
Automatically processed VISCAM FAF images with enhanced contrast will be 
illustrated in this thesis for a better comprehension of the reader. 
 
The main outcome measures were image quality, quantification of atrophy and 
classification of FAF patterns.  
 
Results 
The statistic results showed that VISUCAM had done a better job in photographing 
GA, while it was inferior to visualize early AMD. In 54.84% GA photos taken with 
VISUCAM the FAF patterns in the junctional zones were definable and additionally 
the boundaries of GA were sharp, while the corresponding number by HRA is 
51.61%. VISUCAM made 7% less good early AMD photos than HRA did.  
 
The reliability of VISUCAM was not as good as that of HRA. VISUCAM made 1.6% 
more bad GA images, in which the patterns were undiscernible and the lesions were 
not clear, than HRA did (VISUCAM: 9.86%; HRA: 8.06%). In early AMD the numbers 
of bad images were 8.11% VISUCAM and 4.05% for HRA.  
 
The quantification of GA lesions in all measurable cases was consistent in images 
taken with both devices. 
 
Conclusions 
Based on the statistic and through analysis of several cases of each high-risk pattern 
it was concluded that both devices provided comparable medical information on dry 
AMD. They had different features. For example, VISUCAM showed more details of 
large soft drusen, while HRA was more sensible to pigment clumping. However, FAF 
images taken with either of them in combination with high-quality fundus photos could 
provide right and complete information about dry AMD.  
 
It was also found that VISUCAM FAF images oft contained more information thanks 
to its wide-band excitation and larger field of view. 
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It called for a more stable fixation and a homogenous illumination to improve the FAF 
image quality of VISUCAM. A camera head with more flexibility would be helpful. 
 
 
Institution 
The eye clinic of the university hospital rechts der Isar of the Technical University of 
Munich (Munich, Germany). 
 
 
5.1 Image Quality 
 
Totally 136 eyes of 83 patients with an average age of 78 were examined. 64 eyes 
were with GA and 72 eyes suffered from early non-exudative AMD. The FAF images 
were evaluated for their quality, quantity and patterns.  
 
Image quality was classified into three grades. 
 

Image Quality Grades 
 GA Early Dry AMD 
1 Boundaries are definable; 

FAF patterns in the junctional 
zones are discernible. 

Lesions can be distinguished easily; 
FAF patterns are discernible. 

2 Boundaries are diffuse; 
FAF patterns in the junctional 
zones are still discernible. 

Lesions are faint; 
FAF patterns are sill discernible. 

3 Boundaries are diffuse; 
FAF patterns in the junctional 
zones are undiscernible.  

Lesions are faint; 
FAF patterns are undiscernible 

 
Table 5.1 FAF image quality grading.  
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Fig 5.1 Overview of the FAF image quality 
 
After reading the chart in Fig 1 we can find out both devices are qualified for FAF 
imaging of GA and early non-exudative AMD. The VISUCAM FAF image quality is 
better than that of HRA regarding GA, but it’s for nearly 7% inferior to HRA to show 
details of the early non-exudative AMD. The probability to get bad images (Quality 
grade 3) is also generally higher by VISUCAM than by HRA. The differences 
between the images as well as their reasons will be discussed in the coming text.  
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5.2 Quantification of the GA Area 
 
All of the 26 GA eyes with image quality 1 in both VISUCAM and HRA images were 
measured for their GA size. The tool for the measurement was the software 
VISUPAC (Carl Zeiss Meditec, Germany). The lesion boundaries were marked 
manually at first and then the size was calculated automatically – in several cases, 
where the GA areas were too large to measure, the diameter was measured. All of 
the measured cases have the same GA sizes in both images. 
 

A  B   
Fig 5.2 FAF images taken with HRA (A) and with VISUCAM (B) of the right eye of a 
74-year old female patient with multifocal GA. A reference was chosen and marked in 
both images, namely the ring with “1.0” at the side. Then the GA areas were marked 
and calculated. The results of measurement were presented as multiple of the 
reference. Then the total GA size of B was compared with that of A. Considering the 
inaccuracy of manual measurement, the GA sizes of both images were taken as the 
same as long as the difference is not in excess of 15%.      
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5.3 Comparison of Images with High-Risk FAF Patterns in the Junctional Zone 
of GA 
 
As introduced in Chapter 4 (Table 4.2) the banded, patchy and the diffuse patterns 
are dangerous fast-progressors. Diffuse patterns include reticular, branching, fine 
granular, fine granular with punctate spots, and trickling. The trickling pattern spreads 
most rapidly with an average rate of 3.02 mm2/year. The FAF images of these 
patterns are going to be compared between the two imaging devices. 
 
Banded Pattern  
 
Banded_Case 1:  
 

A  B  

C  D  
Fig 5.3 FAF images taken with HRA (A, C) and VISUCAM (B, D) of an 80-year old 
female patient with GA in both eyes. The form and size of the GA lesions in images 
taken with both devices are consistent. FAF patterns in the junctional zones are all 
banded. Papilla atrophy is easier to be distinguished in VISCAM images attributable 
to the reflex in the papilla and thus better contrast between the papilla and the 
atrophy around it. In the pictures (A, B) of the right eye it’s seen the 
hyperautofluorescent ring around the lesion in B is not as obvious as that in A. The 
possible reasons could be the inhomogeneous illumination, unideal fixation and/or 
weaker emission signal. The increased autofluorescent signal in the junctional zone 
in D is almost as conspicuous as its counterpart in C. All the settings for photograph 
of B and of D are the same, and the difference found in the pictures is that D is better 
positioned. It means the macular is more centrally located.  
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Banded_Case 2:  

A  B  
Fig 5.4 FAF images taken with HRA (A) and with VISUCAM (B) of the left eye of a 
74-year old female patient with GA. The FAF pattern in A is the banded pattern 
beyond controversy, while the increased autofluorescent signal in B is more 
spreading undersides and at temporal side. The bright granular-like spots in B, which 
are at the same time invisible in A, don’t seem to be caused by inhomogenous 
illumination or overexposure. This means, B offers more pathologic information in this 
case, which is possibly attributable to VISUCAM’s wide-band excitation.  
 
Banded_Case 3:  

A  B  

C  D  
Fig 5.5 FAF images taken with HRA (A, C) and with VISUCAM (B, D) of a 78-year 
old female patient with GA in both eyes. GA form and size are consistent in images 
taken with both devices and the dominant FAF patterns in the junctional zones are all 
banded. Papilla atrophy is found in all images except C, which has a better fixation. It 
means, the macular is in the center of the photo.  We can see GA lesions in B and D 
are more sharply confined. The increased autofluorescent signal in the junction zone 
in B is more spreading as its counterpart in A, which could be put down to its wider 
excitation wavelength-band. The fovea-sparing can be distinguished in all pictures. 
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Banded_Case 4:  
 

A  B  

C  D  
Fig 5.6 Patient: 50-year old, male. A: Fundus photo taken with a fundus camera 
FF450; B: A middle phase angiography image taken with HRA; C: HRA FAF image; 
D: VISUCAM FAF image.  
Referring to B we see the GA lesion in D gives the right information about the form of 
the GA lesion, while that in C has a diffuse top-boundary.  
 
Banded_Case 5:  
 

A  B  
Fig 5.7 FAF images taken with HRA (A) and with VISUCAM (B) of the left eye of a 
69-year old female patient. GA form and size (three biggest GA patches were 
measured) are consistent in both images and FAF pattern in the junctional zones are 
both banded. Obviously the increased signal in the junctional zone in B is not as 
strong as its counterpart in A. A possible reason is that B is not centrally fixed. 
Addtionally, A is an average of 10 images, so its brightness and contrast is much 
improved. 
 
Banded_Summary: 
Most FAF images of this pattern taken with both devices have comparable quality. 
The abnormally increased signal in the junctional zone is sometimes more spreading 
in VISUCAM pictures than in HRA pictures. That means the wide-band excitation of 
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VISUCAM can bring more information. In VISUCAM images the GA areas are usually 
more sharply confined. However, VISCAM images have unstable fixation, which 
affects all its images. This disadvantage owes to the inflexibility of its head and the 
lack of interne fixation in this type of VISUCAM used in this study. 
  
Patchy Pattern 
 
Patchy_Case 1:  
 

A  B  
Fig 5.8 FAF images taken with HRA (A) and with VISUCAM (B) of the left eye of a 49-year 
old male patient. The GA form and size are consistent in both images. In B the 
hyperautofluorescent patches around the lesion are darker. However, the both images 
provide the same medical information. 
 
Patchy_Case 2:  
 

A  B  
Fig 5.9 FAF images taken with HRA (A) and with VISUCAM (B) of the left eye of a 76-year 
old male patient. GA form and size are consistent in both images, while the 
hyperautofluorescent patch around the GA lesion in B is darker and faint.  
 
Patchy_Case 3: 

A  B  
Fig 5.10 FAF images taken with HRA (A) and with VISUCAM (B) of the right eye of a 77-year 
old patient. The GA form and size are consistent in both images. The hyperautofluorscent 
paches around the lesion in B are so dark that it’s difficult to tell them from their surrounding.  
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Patchy_Summary: 
 
In this pattern the mildly hyperautofluorescent patches around the atrophy areas 
images appear darker and faint in VISUCAM images. It is inconsistent with the 
performance of VISUCAM in the other patterns, e.g. the banded pattern introduced 
previously. It could indicate that the constituents of the lipofuscin in patchy pattern 
differ from those in other patterns in quantity or sort.  
 
 
Diffuse Pattern 
 
Reticular_Case 1:  

A  B  
Fig 5.11 FAF images taken with HRA (A) and with VISUCAM (B) of the left eye of a 
79-year old female patient. The GA form and size are consistent in both images. The 
hyperautofluorescent areas in the junctional zone in B are not as bright as that in A. It 
is hard to say if that means weaker emission signal, for that B is not centrally fixed 
and is slightly overexposed. 
 
Reticular_Case 2: 
 

A  B  
Fig 5.12 FAF images taken with HRA (A) and with VISUCAM (B) of the right eye of a 
52-year old male patient. The GA form and size are consistent in both images. The 
hyperautofluorescence in the junctional zones in both images is also comparable in 
brightness and form. 
 
 
Branching_Case 1: 
No branching pattern was found in this study. 
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Fine granular_Case 1-2:  
 

A  B  

C  D  
Fig 5.13 FAF images taken with HRA (A, C) and with VISUCAM (B, D). A and B are 
of the right eye of a 69-year old female patient. C and D belong to the left eye of a 
65-year old male patient. The GA forms and sizes are consistent in the two pairs of 
images. The hyperautofluorescence in the junctional zones are also comparable. 
 
Fine granular_Case 2: 
 

A  B  
Fig 5.14 FAF images taken with HRA (A) and with VISUCAM (B) of the right eye of 
an 85-year old male patient. The GA form and size are consistent in both images. 
Papilla atrophy is found in both images. The angiod streaks, which means rupture in 
Bruch’s membrane, is more complete in B because of VISUCAM’s larger field of 
view.  
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Fine granular with peripheral punctate spots _Case 1:  
 

A  B  

C  D   
Fig 5.15 FAF images taken with HRA (A, C) and with VISUCAM (B, D). A and B are 
of the right eye of an 87-year old female patient. C and D belong to the left eye of a 
71-year old male patient. The GA forms and sizes are consistent in the two pairs of 
images. The hyperautofluorescence in the junctional zones are also comparable. The 
large soft drusen in D, which are almost invisible in C, will be discussed later in the 
early non-exudative AMD pattern “patchy”.   
 
Fine granular with peripheral punctate spots _Case 2:  
 

A  B  
Fig 5.16 FAF images taken with HRA (A) and with VISUCAM (B) of the right eye of 
an 84-year old male patient. The GA patches in A are diffuse and incomplete and the 
increased signal in junctional zone is difficult to recognize. This is unusual with HRA. 
One possible reason is the bad collaboration between the operator and the patient 
except the technical factors. What also noticeable are the reflex of the blood vessels 
of the choroid layer in B.  
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Trickling_Case 1:  
 

A  B  
Fig 5.17 FAF images taken with HRA in 2008 (A) and with VISUCAM in 2010 (B) of a 
71-year old male patient. The growth of GA can be seen clearly. The atrophy has 
grown into the previous hyperautofluorescent areas (in the above-temporal side and 
the under-temporal side) within two years.  
 
Trickling_Case 2:  
 

A  B  

C  D  
Fig 5.18 FAF images taken with HRA (A, C) and with VISUCAM (B, D) of a 74-year 
old female patient. The GA lesions have the same form and size in images taken with 
both devices. Only the vertical diameter of the GA lesions was measured, because 
they are too large and cannot be showed in A or C completely. The HRA images 
have better contrast and more sharply delineated GA margin. In this case there are 
also bright reflex from blood vessels in the GA lesion in A and C. 
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Trickling_Case 3: 

A  B  
Fig 5.19 FAF images taken with HRA (A) and with VISUCAM (B) of a 78-year old 
male patient. The GA form is consistent in both images and its boundary is diffuse. 
 
Diffuse_Summary: 
 
Both devices provide comparable image quality and the same main medical 
information, namely illustration of GA and of the hyperautofluorescence in the 
junctional zone. VISUCAM has a larger field of view, so it can supply additional 
information about the pathologic changes in the periphery. HRA images have better 
contrast and sharpness in a lot of cases and their fixation is stable. A good fixation 
means that the interesting area lies in the center of the photo. VISUCAM needs 
better collaboration between the photographer and the patient to maintain the ideal 
fixation and the proper illumination.  
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5.4 Comparison of Images with High-Risk FAF Patterns of the Early Non-
exudative AMD 
 
The lace-like, linear, focal-plaque-like, speckled and patchy patterns have a relative 
higher risk (higher than 10%) to develop into GA. The focal-plaque-like and patchy 
patterns (risk: higher than 10%) tend to change into wet form. A couple of cases of 
each pattern will be illustrated to compare their appearance in images taken with both 
devices.  
 
Lace-like Pattern 
 
Lace-like_Case 1:  
 

A  

B  C   
Fig 5.20 Patient: 81-year old, male. A: fundus photo taken with VISUCAM.  B, C: FAF 
images taken with HRA (B) and with VISUCAM (C). Both images show the same 
abnormal FAF signals. What noticeable is that the dark lines, which are pigment 
clumping, in the lesion area in A, match the hyperautofluorescent lines in the same 
positions in B and C. Lipofuscin is yellow-brown pigment granular and it accumulates 
with age. Pigmentary changes in the macular are considered to be an important 
criterion of diagnosis of early AMD [2]. 
 
What also interesting is that the hyperautofluorescent lines in B and C are more in 
amount compared with the dark lines in A. That means autofluorescent imaging is 
more sensible to detect the abnormal lipofuscin pigment accumulation. 
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Linear Pattern 
 
Linear_Case 1:  
 

A  

B  C  
Fig 5.21 Patient: 82-year old, male. A: Fundus photo taken with VISUCAM. B and C: 
FAF images taken with HRA (B) und with VISUCAM (C). The dark lines of pigment 
accumulation are showed as hyperautofluorescent lines in B and C. The multiple 
linear structures between macular and papilla and around papilla are called angiod 
streaks. They are ruptures in the Bruch’s membrane. Angiod streaks are almost 
invisible in the fundus photo A. They are different from the pigment accumulation.    
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Linear_Case 2:  
 

A  

B  C   
Fig 5.22 Patient: 65-year old, male. A: Fundus photo taken with VISUCAM. B and C: 
FAF images taken with HRA (B) und with VISUCAM (C). There is a bold dark-red line 
in the macular area in A. It is inconspicuous. In B and C it is showed as a bright 
hyperautofluorescent line. The finer hyperautofluorescent structures in B and C are 
invisible in A, which approves FAF imaging’s superior sensitivity to detect pigmentary 
changes. Comparing C with B it is seen the increased signal is stronger in the latter. 
This could be ascribed to HRA’s excitation wavelength 488 nm, which is better to 
excite A2E, which is a main constituent of lipofuscin. The fact that B is an average of 
10 images also contributes to its better brightness and contrast.  
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Linear_Case 3:  
 

A  B  

C  D  

E  F  
Fig 5.23 Patient: 75-year old, male. A, B: fundus photos taken with VISUCAM; C, D: 
FAF images taken with HRA; E, F: FAF images taken with VISUCAM.  
Firstly, let’s discuss the images A, C and E of the right eye. In A we can see “T” form 
pigment accumulation riding on large soft drusen. In C there is a bright thicker “T” 
overlying mildly hyperautofluorescent patches. In E this “T” is not as bright as its 
counterpart in C. The drusen are also presented as mildly hyperautofluorescent 
patches.  
Then we look at B, E, F of the left eye. The situation resembles that by the right one. 
D offers more accurate information about the pigmentary changes than B or F does.  
 
Lace-like and Linear _ Summary: 
 
From the cases above we can see all of their hyperautofluorescent lines in FAF 
pictures come from the lipofuscin pigment accumulation, which is partially showed in 
fundus photos as dark discontinuous lines. It means FAF imaging has higher 
sensitivity to detect the pigmentary changes, which serve as an important criterion in 
early AMD diagnosis. VISUCAM gets weaker emission signal in some cases, where 
the change is still faint. Anyway, FAF images taken with both devices in combination 
with the fundus photo supply the right information for these two patterns.  
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Focal-plaque-like (FPL) pattern 
 
FPL_Case 1:  
 

A  

B  C  
Fig 5.24 Patient: 51-year old, male. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). This patient has a very dark 
fundus, so the fundus photo doesn’t reveal much pathological information. FAF 
images show that there are large areas of hyperautofluorescence in the macular area 
and a plaque in the very centre, which could result in serious damage to the central 
vision. B and C contain comparable information.  
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FPL_Case 2:  

A  

B  C  
Fig 5.25 Patient: 71-year old, male. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). The plaque-like lesion in the 
fovea area is striking in B and C. This patient has probably a small pupil in his left 
eye, for that A and C are underexposed and B is blurred. The advantage of B over C 
is that the fovea area in B has stronger contrast to its surrounding and is thus easier 
to be distinguished.  
 
FPL_Case 3:  

A  

B  C  
Fig 5.26 Patient: 52-year old, male. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). B and C provide 
comparable information about the lesion at the left side. C reveals the second lesion 
at the right side thanks to its larger field of view.  
 
FPL_Summary: 
Both devices supply comparable information in this pattern.  
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Speckled Pattern 
 
Speckled_Case 1:  

A  

B  C  
Fig 5.27 Patient: 75-year old, female. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). C provides comparable 
information for the macular area as B does and at the same time additional 
information about the periphery.  
 
Speckled_Case 2:  

A  

B  C   
Fig 5.28 Patient: 74-year old, male. A: Fundus photo taken with FF450 (Carl Zeiss 
Meditec, Germany); B, C: FAF images taken with HRA (B) and with VISUCAM (C).  
 
Speckled_Summary: 
There are no dominant features in this pattern. In these two cases we found both 
devices supply comparable information. 
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Patchy Pattern 
 
Patchy_Case 1:  
 

A  B  

C  D  

E  F  
Fig 5.29 Patient: 69-year old, female. A, B: fundus photos taken with VISUCAM; C, 
D: FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are 
of the right eye, while C, D and F belong to the left eye. From A and B we know this 
patient suffers from typical drusen maculopathy. In C and D some drusen are showed 
with mildly increased signal, while the most are invisible. In E and F the drusen are 
illustrated with increased signal and most of them have a core of decreased signal in 
the centre.  
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Patchy_Case 2:  
 

A  B  

C  D  

E  F  
Fig 5.30 Patient: 83-year old, female. A, B: fundus photos taken with FF450; C, D: 
FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are of 
the right eye, while C, D and F belong to the left eye. This patient also suffer from 
drusen maculopathy. There’s no difference between her large soft drusen from the 
ones of the last patient (Fig 28) in the fundus photos. But from the FAF images we 
find they are another type. In the VISUCAM FAF images E and F the drusen are 
showed with mildly increased signal without core of decreased signal. These drusen 
are visible in the HRA FAF images to a larger amount. In C and D we also find 
conspicuous reticular FAF, which is also recognizable in E and F but with inferior 
quality. However, E and F are obviously improperly fixed and underexposed, so the 
inferior visualization of the reticular AF could be imputed to the bad image quality 
other than the filter features.  
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Patchy_Case 3:  
 

A  B  

C  D  

E  F    
Fig 5.31 Patient: 71-year old, male. A, B: fundus photos taken with VISUCAM; C, D: 
FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are of 
the right eye, while C, D and F belong to the left eye. This patient has drusen 
makulopathy in both eyes and at the same time GA in the left eye. Firstly, we find 
pigment accumulation overlying large soft drusen in A. The pigment accumulation is 
showed as strongly increased signal in C but mildly increased signal in E, which is 
consistent with our observation in the lace-like and the linear patterns. The soft 
drusen are better to see in E. These findings hold true for the left eye.   
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 Patchy_Case 4:  
 

A  B  

C  D  

E  F  
Fig 5.32 Patient: 79-year old, female. A, B: fundus photos taken with VISUCAM; C, 
D: FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are 
of the right eye, while C, D and F belong to the left eye. This patient has drusen 
maculopathy as well as GA in both eyes. The drusen are almost invisible in C or D, 
but are illustrated with hypoautofluorescent patches with hyperautofluorescent ring at 
the boundary in E and F. 
 
Patchy_Summary: 
 
Large soft drusen is showed as yellow-white patches in the fundus photos. In the 
autofluorescent photos they are illustrated as a hyperautofluorescent patch, such a 
patch with a strongly hypoautofluorescent core in the centre or a homogeneous 
hypoautofluorescent patch with a thin hyperautofluorescent ring around it in 
autofluorescence images. That could mean that large soft drusen have different types 
according to their constituents. They are better to be visualized in VISUCAM FAF 
images than HRA ones. It is concluded, that the excitation wavelength of HRA (HRA: 
488 nm; VISUCAM: 510 – 580 nm) is less efficient to excite the fluorophores in the 
drusen.  
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5.5 Reticular FAF 
 
Reticular drusen indicates high-risk of further development of CNV. In the study of 
Arnold et al. [3] it has been found that 66% patients with reticular drusen had or 
developed CNV. According to AREDS (Age-Related Eye Disease Study) the term 
reticular drusen describes “the yellowish material that looks like soft drusen arranged 
in ill-defined networks of broad interlacing ribbons” [4]. Reticular autofluorescence 
pattern was identified by Lois et al. [5]. It is characterized as multiple small areas of 
hypoautofluorescent lesions against a background of mildly increased 
autofluorescent signal. Smith et al. [6] has proved in their study that the reticular 
autofluorescence defines the same pathology as the reticular drusen and is more 
sensitive. Based on these findings we recognize the reticular AF pattern as a high-
risk one and are going to compare their appearance in the images taken with HRA 
and VISUCAM. 
 
Reticular_Case 1:  
 

A  B  

C  D  

E  F  
Fig 5.33 Patient: 74-year old, female. A, B: fundus photos taken with VISUCAM; C, 
D: FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are 
of the right eye, while C, D and F belong to the left eye. In the fundus fotos we can 
see diffuse dark-yellow lesions, which are so called reticular drusen. The 
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hypoautofluorescent lesions in the corresponding FAF images are obviously larger in 
amount compared with the reticular drusen. That improves that FAF imaging is more 
sensitive. When we compare C with E, we find both images contain comparable 
information and E is slightly overexposed. However, F reveals more pathological 
changes than D, especially under the macula.  
 
Reticular_Case 2:  
 

A  

B  C  
Fig 5.34 Patient: 77-year old, female. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C).  At first look A shows clear 
reticular AF, while C is diffuse and doesn’t have typical pattern. However, if we go 
into detail we will find a counterpart in C for every hypoautofluorescent lesion in B. 
Then we know the disadvantages of C are insufficient illumination and improper 
focus. The second lesson we learn from this case is that the feature of the reticular 
AF should be put on the not confluent hypoautofluorescent lesions but not the bright 
lines between the lesions. The brightness of the lines depends much to the 
illumination. 
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Reticular_Case 3:  
 

A  

B  C  
Fig 5.35 Patient: 80-year old, female. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). This is another example of 
the improper illumination and focus of VISUCAM. However, Both B and C show 
reticular AF in the same regions. 
 
Reticular_Case 4: 
 

A  

B  C  
Fig 5.36 Patient: 84-year old, male. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). B has lost some details 
because of its high noise. 
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Reticular_Case 5:  
 

A  

B  C  
Fig 5.37 Patient: 83-year old, male. A: Fundus photo taken with VISUCAM; B, C: 
FAF images taken with HRA (B) and with VISUCAM (C). The dark-yellow reticular 
drusen distribute almost over the whole fundus of the right eye. There are spreading 
reticular AF in B. Comparing C with B it’s found that C is inhomogeneously 
illuminated and the visualization of the lesions is thus inferior.  
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Reticular_Case 6: 

A  B  

C  D  

E  F   
Fig 5.38 Patient: 84-year old, female.  A, B: fundus photos taken with VISUCAM; C, 
D: FAF images taken with HRA; E, F: FAF images taken with VISUCAM. A, C, E are 
of the right eye, while C, D and F belong to the left eye. This patient has GA as well 
as reticular drusen. In this case C and D are slightly overexposed and some lesions 
are therefore indiscernible. E and F are superior in quality.  
 
Reticular_Summary: 
 
Through the cases above we’ve learned that reticular AF is more sensible as reticular 
drusen in fundus photos. Secondly, both devices provide comparable information 
over this pattern. Thirdly, the visualization of this pattern has high requirement for 
image quality, namely homogeneous illumination, proper fixation and high signal-to-
noise ratio.    
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5.6 Summary 
 
Through the previous discussions it’s concluded that the FAF images taken with both 
devices in combination with high-quality fundus photos provide comparable medical 
information on dry AMD. “Dry AMD” includes the early non-exudative AMD and GA, 
the advanced form.   
 
Secondly, images taken with these two devices have different features in certain 
patterns. For example, large soft drusen are better visible in VISCUM images, while 
HRA is more sensible to the pigment clumping.  
 
Thirdly, the wide-band excitation and the larger filed of view of VISUCAM reveal oft 
more pathological information.  
 
Fourthly, the desired improvement of VISUCAM is a stable fixation and a 
homogeneous illumination.  
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Chapter 6 Discussion 
 
This Master-thesis addresses a systematic comparison between two mainstream 
devices for FAF imaging --- the fundus camera VISUCAM and the cSLO HRA. It has 
been demonstrated that FAF images taken with both VISUCAM and cSLO contain 
comparable medical information about dry AMD. 
 
FAF imaging can be used in the dry AMD diagnosis. The applications mainly include 
the following aspects: 
 

• To recognize AMD in its early phase. Early AMD is characterized with drusen 
and pigment clumping. While drusen are known as yellow-white patches in 
the color fundus photos, they have different appearances in FAF images. It 
means they may have different constituents or various life-stages. 
Additionally, it was proved in the Master-thesis, that FAF imaging is more 
sensitive to pigment clumping than the color fundus photos. Please refer to 
Chapter 5 for details. 

 
• To visualize GA clearly, non-invasively and to assess its progression. GA 

presents itself with intensively decreased signal in FAF images. Comparing to 
the color fundus photos FAF imaging shows GA lesions reliably and with 
sharp boundaries. An advantage of FAF imaging over fluorescein 
angiography is its non-invasivity. What’s more, there are oft 
hyperautofluorescence regions around the GA lesions in FAF images. They 
are constituted by diseased RPE cells with over-accumulation of lipofuscin in 
them. These cells are going to die in the near future and that means atrophy 
will also form in these areas. The hyperautofluorescence can only be 
observed with FAF imaging other than other traditional imaging methods. 

 
• To predict the development of early AMD with its FAF patterns and to 

evaluate the growth rate of GA with FAF patterns of the 
hyperautofluorescence in the junctional zones. It was proved by Holz, 
Bindewald et al. [1, 2, 3] in their studies that FAF patterns of early AMD 
indicate different risk-levels of its developing into GA or wet form and the FAF 
patterns of the increased signal in the junctional zones of GA influence the 
progression rate of GA.  

 
FAF could play an important role in the dry AMD therapies in the future. GA lesions 
can be quantified in the FAF images accurately. The fast progressors can also be 
distinguished from the slow ones according to the hyperautofluorescence patterns in 
the junctional zones. Furthermore, the early AMD patients with higher risk to develop 
advanced dry AMD with severe vision loss can be selected out. 
 
Our study has proved that the FAF images of dry AMD taken with the VISUCAM 
fundus camera and with the HRA cSLO provide comparable medical information. 
Both showed GA and the increased signal in the juntional zones clearly in most 
pictures. GA quantification was consistent in all measurable cases. The appearance 
of the high-risk FAF patterns was comparable in images taken with both devices. 
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Image quality of FAF images taken with VISUCAM is statistically inferior. It has been 
observed that the images with inadequate quality generally have wrong fixation. It 
means the macular is not in the picture center and then the details of it are lost 
secondary to the inhomogeneous illumination, which means the illumination around 
the focus is suitable, but towards the rim the picture gets darker and sometimes 
overexposure happens. To solve this problem a better patient cooperation will be 
helpful. But it’s sometimes very difficult for the AMD patients, who see little in the 
central visual field, to focus on the camera lens center. Therefore a more flexible 
camera head and a more homogeneous illumination are desired from VISUCAM.  
 
It has also been found that the FAF images of both devices have their own features 
in photographing certain structures. The large, soft drusen are better visible in 
VISUCAM pictures, while HRA is more sensible to pigment clumping. The differences 
could be due to the different wavelengths adopted for the excitation and barrier filters 
of the two devices. However, FAF images of both devices in combination with high-
quality color fundus photos provide complete and comparable information about dry 
AMD. 
 
There is still a lot of development potential for the FAF imaging technologies.  
 
Firstly, GA could be quantified automatically according to the pixel grey values. Such 
a software option would be very helpful to follow the progression of GA. 
 
Secondly, the distribution and density of lipofuscin could be quantified. It is known 
that over-accumulation of lipofuscin can damage the photoreceptor metabolism and 
result in AMD or its deterioration. If the distribution of lipofuscin could be measured 
and illustrated in 3-D model, it could be used as a health state indicator.  
 
Thirdly, color FAF imaging might bring more information. The current FAF images are 
black-white. They show the density of lipofuscin with grey values. However, lipofuscin 
is a compound of various metabolic wastes. The constituents can differ in different 
disease stages/types. Further more, there are also other fluorophores such as 
advanced glycation end products, NAD-NADH+ etc [4, 5]. All substances have their 
own optimal excitation and emission wavelengths. Multiple channels of excitation and 
the corresponding emission used in the color FAF imaging could capture more weak 
signals. What’s more, fluorophores are categorized in different color groups. For 
example, Hammer et al. [4] have found in their study that autofluorescence of AMD 
patients is more dominated with red emission compared with that of diabetic patients. 
This finding is very interesting for the study of the pathology of the disease.   
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