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Quantitative evaluation of fundus
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retinal disease

“in vivo” in eyes with

Noemi Lois, Anthony S Halfyard, Alan C Bird, Frederick W Fitzke

Abstract

Aim—To describe a new method of evalu-
ating the topographic distribution of fun-
dus autofluorescence in eyes with retinal
disease.

Methods—Images of fundus autofluores-
cence were obtained in five patients and 34
normal volunteers using a confocal scan-
ning laser ophthalmoscope (¢SLO). To
evaluate the topographic distribution of
fundus autofluorescence throughout the
posterior pole a rectangular box, 10 x 750
pixels, was used as the area of analysis.
The box was placed, horizontally, across
the macular region. The intensity of
fundus autofluorescence of each pixel
within the rectangular box was plotted
against its degree of eccentricity. Profiles
of fundus autofluorescence from patients
were compared with those obtained from
the age matched control group and with
cSLO images.

Results—Profiles of fundus autofluores-
cence appeared to represent the topo-
graphic distribution of fundus
autofluorescence throughout the posterior
pole appreciated in the cSLO images, and
allowed rapid identification and quantifi-
cation of areas of increased or decreased
fundus autofluorescence.
Conclusions—Fundus autofluorescence
profiles appear to be useful to study the
spatial distribution of fundus autofluores-
cence in eyes with retinal disease.

(Br ¥ Ophthalmol 2000;84:741-745)

The study of accumulation of lipofuscin in the
retinal pigment epithelium (RPE) has attracted
the attention of many researchers in the past
decades. Although still incompletely under-
stood, it is believed that lipofuscin represents
the end product of phagocytosed photorecep-
tor outer segment discs, and to a lesser extent,
of autophagy.'® “Ex vivo” studies in donor
human eyes have shown that lipofuscin accu-
mulates in the RPE with age” and retinal
disease.'""® Similarly, it has been demonstrated
that, in normal subjects, there is a topographic
distribution of RPE lipofuscin content
throughout the fundus, being higher at the
posterior pole, with a localised dip at the fovea,
and lower towards the peripheral retina.””
Excessive accumulation of lipofuscin in the
RPE has been associated with degeneration of
RPE cells and photoreceptors.”” ' Hence,
information regarding the distribution of fun-
dus autofluorescence may provide insight on

the sequence of events that lead to retina dam-
age in a variety of retinal diseases. Until
recently, information regarding the content
and spatial distribution of RPE lipofuscin in
eyes with retinal disease was limited by the
scarce number of eyes available for histopatho-
logical evaluation. This problem has been
recently overcome with the development of
new techniques that allow the study of RPE
lipofuscin levels “in  vivo”.*” Using a
spectrophotometer”* and a confocal scanning
laser ophthalmoscope (cSLO)>? the level of
fundus autofluorescence (index of RPE lipo-
fuscin content) has been assessed “in vivo” in a
variety of retinal disorders. Previous in vivo
studies have quantified fundus autofluores-
cence in eyes with retinal disease at selected
areas of the retina.”*” These isolated measure-
ments have provided valuable information in a
number of retinal disorders. However, the
differential distribution of fundus autofluores-
cence, appreciated in the images obtained
using a cSLO,”? can not be represented by an
isolated measurement.

The aim of the present study was to design a
method of representing the topographic distri-
bution of fundus autofluorescence in eyes with
retinal disease. In order to test this technique,
fundus autofluorescent studies were performed
in a group of patients with inherited retinal
disorders and in an age matched control group.

Subjects and methods

Five patients with retinal disease and 34
normal volunteers were included in the study.
The median age of patients was 29 years (range
20-36 years), and of normal volunteers 30
years (range 20-36 years). One patient with
each of Best disease, adult vitelliform foveo-
macular  dystrophy, Stargardt macular
dystrophy-fundus flavimaculatus, bull’s eye
macular dystrophy, and cone-rod dystrophy
were included in the study. Fundus examina-
tion of normal volunteers disclosed no abnor-
malities. All subjects had clear lenses on slit
lamp biomicroscopy.

In all subjects one eye was selected and lev-
els of fundus autofluorescence were recorded.
Images of fundus autofluorescence were ob-
tained, after pupillary dilatation, using a confo-
cal scanning laser ophthalmoscope (cSLO,
Zeiss, Oberkochen, Germany), as has been
previously described.” Briefly, autofluorescent
images were produced using a 40 degree field
of view mode, and a confocal aperture which
provided a full width half maximum depth
resolution of less than 600 um. The ametropic
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corrector was employed to correct for refrac-
tive error and to focus on the structure of
interest. An argon laser light (488 nm) was
used for illumination, and a wide band pass fil-
ter with short wavelength cut off (521 nm) was
inserted in front of the detector to record fun-
dus autofluorescence. The argon laser was
measured at regular intervals and found to
have a constant power output of 250 pW at the
cornea. The automatic gain control was
switched off and the instrument gain was kept
constant for all measurements of normal
volunteers and patients. A series of images of
the eye studied was recorded at standard video
scanning rates on VHS video tape. Later, 32
consecutive frames were digitised, aligned, and
averaged to obtain each image. Since all
normal volunteers and patients had clear
lenses, no correction for lens opacities was
made

In order to analyse the topographic distribu-
tion of fundus autofluorescence the following
computer program was designed and written.
A rectangular box, 10 pixels in height by 750
pixels in width, was used as the area of analysis.
The box was placed, horizontally, across the
macular region with its centre located at the
centre of the fovea. In patients in whom the
centre of the fovea was difficult to recognise its
location was estimated based on its expected
anatomical location. The centre of the fovea
was considered as 0 degrees of eccentricity.
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The length of the box allowed the study of fun-
dus autofluorescence in an area extending from
the optic nerve to the temporal aspect of the
macula (12-16 degrees of eccentricity). For
each subject the coordinates corresponding to
the centre of the fovea, the horizontal line cor-
responding to the area of analysis, and the
nasal and temporal ends of the area studied
were marked and saved in the fundus autofluo-
rescent image (Fig 1).

The intensity of fundus autofluorescence
was measured in grey scale arbitrary units. The
value of fundus autofluorescence of each pixel
within the rectangular box was plotted against
its degree of eccentricity with respect to the
fovea, after having subtracted the video offset
grey scale measured over the optic nerve head.
Thus, the autofluorescence intensity of each of
the 10 pixels within the width of the box at a
particular degree of eccentricity was repre-
sented in a graph as an individual point
depending on its value of autofluorescence. In
patients, the highest, mean, and lowest values
of each of the 10 pixels throughout the entire
area studied were indicated in the graph as
continuous lines (Fig 1).

A plot was generated with the 25% and 75%
confidence interval (lower and upper quartiles)
and the mean of the mean, lowest and highest
values obtained at each degree of eccentricity
for all normal volunteers. Single plots of
fundus autofluorescence obtained from each
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Figure 1  (Left top) Fundus photograph (red-free) of a 20 year old woman with Best’s disease. (Right top) Fundus
autofluorescent image of the same patient. The intersection between the horizontal and vertical lines represents the centre of
the fovea. The horizontal line shows the area where measurements were taken. The right and left ends of the area of
analysis are also marked on the image. (Right bottom) Fundus autofluorescent profile (dotted graph). Dark dots represent
values of fundus autofluorescence of single pixels within the area studied. The highest, mean, and lowest values of fundus
autofluorescence are represented by continuous dark lines (top, medium, and bottom lines, respectively). A graph with values
of fundus autofluorescence corresponding to an age matched control group is also shown. Two light grey bands represent the
25% (inferior grey band) and 75% (superior grey band) confident interval. The mean (black line), lowest (inferior aspect
of the dark grey band), and highest (superior aspect of the dark grey band) values of fundus autofluorescence at each
degree of eccentricity are also represented. The regional increased autofluorescence is localised to the centre of the macula.
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Figure 2 (Left top) Fundus photograph (red-free) of
a 36 year old man with adult vitelliform foveomacular
dystrophy. Fundus autofluorescent image (right top)
and fundus autofluorescent profile of the same patient
(right bottom). Very high levels of fundus
autofluorescence were detected at the centre of the fovea.
Background values of fundus autofluorescence were also
high throughout the entire area studied.

patient were compared with cSLO images and
with the plot obtained from the age matched
control group (Figs 1-5).

Results

In patients with retinal disease, topographic
plots demonstrated well the spatial distribution
of fundus autofluorescence throughout the
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Figure 3 Fundus autofluorescent image of a 35 year old
woman with Stargardt macular dystrophy-fundus
favimaculatus (top). An area of decreased signal at the
centre of the macula and small foci of increased signal
within it and around it were seen. Fundus autofluorescence
profile showed very high background fundus
autofluorescence levels across the entire area studied. Values
of fundus autofluorescence at the fovea were within the
lower normal values and peaks of increased
autofluorescence at that site were also detected (bottom).
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posterior pole seen in cSLO images (Figs 1-5).
Thus, high levels of fundus autofluorescence
detected at the centre of the macula in a patient
with Best’s disease corresponded well with the
intense signal from the “pseudohypopyon”
lesion observed in the cSLO image (Fig 1).
Similarly, high levels of fundus autofluores-
cence were observed at the centre of the fovea
in a patient with adult vitelliform foveomacular
dystrophy corresponding with an area of
intense signal in the cSLO image (Fig 2). In a
patient with Stargardt macular dystrophy-
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Figure 4 Fundus autofluorescent image of a 28 year old
female with a bull’s eye macular dystrophy (top). No focal
areas with high or low intensity signal were detected outside
the fovea in the cSLO image. Fundus autofluorescence
profile demonstrated very high levels of fundus
autofluorescence throughout the posterior pole (bottom,).
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Figure 5 Fundus autofluorescence profile in a 32 years
old man with cone-rod dystrophy. A large area with low
intensiry signal was observed at the macula in the cSLO
image (top). This area appeared to be surrounded by a ring
of high intensity signal. The fundus autofluorescence profile
disclosed levels of fundus autofluorescence at the centre of
the macula within the lower normal range and high levels
of fundus autofluorescence outside the centre.

fundus flavimaculatus several peaks of in-
creased fundus autofluorescence appeared to
correspond well with foci of increased signal
from “flecks” observed in the cSLO image (Fig
3). In a patient with bull’s eye macular dystro-
phy no focal changes in fundus autofluores-
cence were detected outside the centre of the
macula (Fig 4). In a patient with cone-rod dys-
trophy low levels of fundus autofluorescence
were measured at the macula corresponding to
a large area with low intensity signal in the
cSLO image (Fig 5).

Topographic plots allowed also the study of
background fundus autofluorescence,
measured outside areas of focal increased or
decreased fundus autofluorescence. Back-
ground values of fundus autofluorescence were
found to be high throughout the posterior pole
in patients with adult vitelliform foveomacular
dystrophy, Stargardt macular dystrophy
-fundus flavimaculatus, and bull’s eye macular
dystrophy (Figs 2—4).

Discussion

There appears to be a clear value in studying
the distribution of fundus autofluorescence in
eyes with retinal disorders. Hence, it may pro-
vide a greater understanding of the pathoge-
netic mechanisms of retinal disease. Similarly,
it may explain the preferential regional involve-
ment observed in certain retinal disorders,
such as the perifoveal involvement that occurs
in early stages of age related macular degenera-
tion. In addition, the distribution of fundus
autofluorescence may be helpful to predict the
extension of further retinal damage—that is,
high levels of fundus autofluorescence involv-
ing the posterior pole may indicate the
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development of a large area of atrophy whereas
a small restricted area of increased autofluores-
cence may suggest a more favourable outcome.

In previous reports, Delori and associates
measured fundus autofluorescence at 7 de-
grees temporal to the fovea and at the fovea in
eyes with retinal disease, where the highest and
lowest levels of fundus autofluorescence have
been found in normal volunteers.”* Von
Ruckmann and colleagues used as the area of
analysis an 8 x 8 pixel box located anywhere in
the fundus where no focal changes were
observed to obtain background levels of
autofluorescence.” * Although studying levels
of fundus autofluorescence at 7 degrees
temporal to the fovea and at the fovea provides
valuable information and allows comparison
between individuals, it remains unclear if those
locations are the most appropriate to evaluate
fundus autofluorescence in all retinal diseases.
Similarly, measuring fundus autofluorescence
in a selected area of the fundus has several
limitations. Firstly, it may not allow accurate
comparisons between patients, since the eccen-
tricity selected to measure fundus autofluores-
cence may be different in different individuals.
Secondly, if it is proposed to study changes in
fundus autofluorescence over time, autofluo-
rescence measurements should be obtained
always at the same area for all follow up visits,
which may be difficult if this approach is used.
Lastly, the differential distribution of fundus
autofluorescence throughout the fundus, ap-
preciated in the images obtained using a
c¢SLO,”™ can not be represented by an
isolated measurement.

In this study, topographic plots were used to
represent the differential distribution of fundus
autofluorescence in eyes with retinal disease.
This method of analysis allowed measurement
of fundus autofluorescence throughout a large
area of the posterior pole and provided a good
estimate of variations in fundus autofluores-
cence across this region. Quantitative values of
fundus autofluorescence could be compared
with the qualitative findings observed in the
cSLO images. Similarly, fundus autofluores-
cent profiles obtained from patients could be
compared with those obtained from an age
matched control group, allowing an estimation
of areas of increased/decreased fundus
autofluorescence. In addition, since the soft-
ware used records the coordinates correspond-
ing to the area of analysis, it would be possible
to evaluate changes of fundus autofluorescence
in the area studied over time.

The purpose of plotting values of fundus
autofluorescence of single pixels throughout
the entire area studied instead of the average
value of a certain number of pixels, was to
avoid the smoothing effect in the values of
autofluorescence that would occur if the latter
approach was used. Plotting values of autofluo-
rescence of single pixels allows a better
representation of small focal changes in fundus
autofluorescence that may occur in some
retinal diseases, such as those that be observed
in patients with Stargardt macular dystrophy-
fundus flavimaculatus.
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Although cSLO autofluorescent images pro-
vide qualitative information on the topo-
graphic changes of fundus autofluorescence,
quantitative data appear to be important in
several circumstances. Thus, quantitative data
are needed when levels of background fundus
autofluorescence are to be evaluated. Similarly,
it may be useful in determining if a particular
area has a low level of fundus autofluorescence
with respect to background or if levels of
autofluorescence in that area are normal within
the context of high background fundus
autofluorescence.

Supported by the Macular Disease Society, United Kingdom
(NL), and the Foundation Fighting Blindness, United States.
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