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Abstract
Background
Fundus autofluorescence (FAF) has been examined using two devices, which were the
conventional confocal scanning laser ophthalmoscope and the improved fundus camera.
We examined the comparison of fundus autofluorescence (FAF) from a fundus camera (FC)
and a confocal scanning laser ophthalmoscope (¢cSLO) in patients with age-related macular
degeneration (AMD).

Methods

Two hundreds ninety-two eyes of 202 AMD patients were examined for FAF. FAF images
were captured with a FC and a ¢SLO system, and were compared for serous retinal detachment
lesion (SRD), subretinal fibrovascular tissue lesion (FVM), pigment epithelial detachment lesion
(PED), geographic atrophy lesion (GA), macular aria, and choroidal vessels.

Results

Clear FAF images were obtained using both instruments in 212 eyes of 147 patients (72.6%).
Correlations of FAF findings between the 2 systems existed for SRD, FVM, and GA, but not for
PED. The FAF accordance rates between the 2 systems were 61.1% at SRD, 68.4% at FVM, 35%
at PED, and 83.4% at GA; and GA had a significantly higher accordance ratio than other lesions.
FAF images with the cSLO tended to hypoautofluorescence compared to those with a FC, except
at GA. Maculas without any abnormal lesion of 41 eyes apparently hypoautofluorescence more
with the ¢SLO than the FC. Some choroidal vessels autofluoresced in 21 eyes only with the FC.

Conclusions

FAF examination differed between the two systems. To compare two FAF images may be
useful for identifying pathogonomonic fundus changes undetectable by only either FAF
examination.
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Introduction

Fundus autofluorescence (FAF), which is associated with lipofuscin level in the retinal
pigment epithelium (RPE)'?, is mainly analysed with two types of devices. Ruckmann et al were
the first to report a clinical fundus picture of FAF using a modified scanning laser
ophthalmoscope (SLO)». With the use of a confocal scanning laser ophthalmoscope (cSLO), FAF
examinations have become popular, and have been reported for various diseases*'®. Recently,
Spaide et al reported FAF examinations using a fundus camera (FC) for age-related macular
degeneration (AMD), and central serous chorioretinopathy (CSCR)''**. Modifications of a
conventional fundus camera are an inexpensive way for an FAF examination to make FAF
examinations a common procedure. However, the difference of optical systems between a fundus
camera and a ¢SLO, which is also known in comparison of indocyanine green angiograms'*, may
influence FAF findings. To the best of our knowledge, no report studying differences in FAF
images between a fundus camera and a ¢SLO is available. The purpose of this study was to
investigate the similarities and differences in FAF images obtained with a FC and a ¢SLO in
patients with AMD, and to clarify the usefulness of comparing FAF images obtained with these

different devices.

Methods
Patient population
Two hundreds and ninety-two eyes of 202 consecutive AMD patients were examined for FAF
from October 2005 to February 2006. These eyes consisted of 201 eyes of 138 males, and 91 eyes
of 64 females whose age ranged from 53 to 89 years (mean age, 71.6 years). Patients with high
myopia of more than -6 diopters were excluded.

FAF detection

After informed consent was obtained, color fundus photographs of the posterior pole were
taken with 35 and 50° using a TRC 50AX fundus camera (Topcon, Tokyo). To assess FAF with a
fundus camera (FC), a similar system to the one described by Spaide et al was used employing a
bandpass filter for the excitation light centered at 580 nm (bandwidth, 500-610 nm) and a
matched barrier filtered centered at 695 nm (bandwidth, 675-715 nm)'"". To assess FAF with a
¢SLO, a Heidelberg retina angiogram (Heidelberg engineering, Heidelberg) was used with the
FA mode (excitation light, 488 nm; barrier filter, 500 nm), as described previously'. In the ¢cSLO
system, FAF was taken sequentially with 30°, and 8 consecutive FAF images were averaged
using the “mean image” function of the built-in software for noise reduction. Different detection
method between the two systems showed in Table 1.
Measurements

FAF findings were examined with special attention to serous retinal detachment (SRD),
subretinal fibrovascular membrane (FVM), pigment epithelial detachment (PED), and
geographic atrophy (GA). The numbers of SRD, FVM, PED, and GA lesions larger than half a
disc diameter (DD) were counted. For lesions smaller than 1/2 DD, aggregating lesions were

regarded as one lesion.
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Table 1. Different detection methods between the fundus camera and confocal scanning laser

ophthalmoscope
Fundus camera Confocal scanning laser ophthalmoscope

Excitation/Emitted light 580/695 nm 488/500 nm

Light source Flush light Solid-state Laser
INluminating system Fundus camera Laser scanning

Absorption of Excitation light by RPE yes, but incomplete yes

Removal of reflected or scattered lights no yes

Light Interference no yes

Confocality no yes

Table 2. Comparison of fundus autofluorescence images obtained with the fundus
camera and confocal scanning laser ophthalmoscope

FAF image
FC ¢SLO SRD FVM PED GA
hyper hyper 21 17 4 5
iso iso 9 4 1 1
hypo hypo 12 33 1 131
impossible impossible 2 11 1 9
hyper iso 2 3 2 1
hyper hypo 5 9 3 1
hyper impossible 1
iso hyper 4 2 2
iso hypo 8 6 2
iso impossible
hypo hyper 1 3
hypo iso 2 1 6
hypo impossible 1
impossible hyper 2 2 2 1
impossible iso 1 1
impossible hypo 3 5 14
72 95 20 175

FAPF, fundus autofluorescence; ¢SLO, confocal scanning laser ophthalmoscope; SRD, serous
retinal detachment lesion; FVM, fibrovascular membrane lesion; PED, pigment epithelial
detachment lesion; GA, geographic atrophy lesion, hyper, hyperautofluorescence; iso,
isoautofluorescence; hypo, hypoautofluorescence; impossible, impossible classification
because the judgment of autofluorescence was impossible.

Statistically significant relationships between the fundus camera and scanning laser
ophthalmoscope images at SRD, FVM, and GA were observed (SRD: p<0.001, FVM: p<0.001,
PED: p=0.45, and GA: p<0.001).

For SRD, FVM, PED, and GA lesions, the agreement or the disagreement of FAF images
detected with two devices were examined. In addition, FAF intensities were classified into 4
categories: hyper-, iso-, hypoautofluorescence, and impossible classification because the
judgment of autofluorescence was impossible. Fluorescence intensity of hyper- or
hypoautofluorescence was stronger or weaker than that of the surroundings while that of
homogeneous autofluorescence was equal to that of the surroundings. Combinations of the
classifications made with the fundus camera and the ¢SLO for the same lesions were categorized
according to 16 pairs of FAF intensities (Table 2).
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Correlations of FAF intensities between those obtained with the FC and the ¢SLO were
examined for SRD, FVM, PED, and GA lesions, with 4Xx4 tables consisting of the numbers of
hyper-, iso-, hypoautofluorescence, and impossible classifications with each system. Agreements
of FAF findings were examined similarly between the FC and the ¢SLO for each of the 4 lesions,
and the agreement rates were compared among the 4 lesions. The rates of hyper- and
hypoautofluorescence were compared for each lesion between the 2 systems to assess the
likeliness of hyper- or hypoautofluorescence in any particular lesion when one of the 2 systems
was used. The frequency of hyperautofluorescence around GA was compared between the 2
systems, and the relationship of FAF findings around GA was examined between the 2 systems.
For statistical analysis, Tukey-Kramer method was used for the difference of agreement rate in 4
lesions, and Chi-square for independence test used for the other examinations.

In addition, choroidal vessels and maculas with no abnormality were examined separately.

Results

Good quality FAF images were obtained with both systems in 212 eyes (72.6%) of 147 patients
from 292 eyes of 202 patients. Among the remaining 80 eyes of 55 patients, FAF images were
obtained only with the fundus camera in 76 eyes, and were unavailable with either system in 4
eyes, because of poor contrast of the images due to cataract or because of the inability of “mean
image” averaging due to ocular movement under poor fixation.

Among the 212 eyes, 72 SRD lesions were observed in 72 eyes, 95 FVM lesions were seen in
95 eyes, 20 PED lesions were seen in 13 eyes, and 175 GA lesions were present in 157 eyes. The
examples of the color fundus image and the FAF image detected with two devices are showed in
Figure 1-3. The FAF classifications of SRD, FVM, PED, and GA lesions using the FC and the
¢SLO images are summarized in Table 2. Statistically significant relationships in FAF
classification between the FC and ¢SLO images were observed at SRD, FVM, and GA (SRD: p<
0.001, FVM: p<0.001, and GA: p<0.001); however, no statistical relationship was observed at
PED (p=0.45) (Table 1). The agreement rates were 61.1% (44/72 lesions) for SRD lesions, 68.4%

A B C

Figure 1. Fundus autofluorescence images of the subretinal fibrovascular membrane and serous retinal detachment
(A, color fundus picture; B, fundus camera image; and C, confocal scanning laser ophthalmoscope image). The
subretinal fibrovascular membrane shows hyperautofluorescence with the fundus camera (FC) and
hypoautofluorescence with the confocal scanning laser ophthalmoscope (cSLO) (solid arrow). The serous retinal
detachment area shows hypoautofluorescence with the FC and isoautofluorescence with the ¢cSLO (interrupted
arrows).



Comparison of Fundus Autofluorescence

Figure 2. Fundus autofluorescence images of 4 pigment epithelial detachments (A, color fundus picture; B, fundus
camera image; and C, confocal scanning laser ophthalmoscope image). The superior pigment epithelial detachment
(PED) shows coexisting hyper and hypoautofluorescence with both systems (a). The nasal and inferior PEDs show
isoautofluorescence with the fundus camera and hyperautofluorescence with the confocal scanning laser
ophthalmoscope (b and d). The temporal PED shows isoautofluorescence with both systems (c).
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Figure 3. Fundus autofluorescence images of geographic atrophy, choroidal vessels, and a macula with no
abnormality (A, color fundus picture; B, fundus camera image; and C, confocal scanning laser ophthalmoscope
image). The geographic atrophy lesion shows hypoautofluorescence with both systems (solid arrow).
Hyperautofluorescence around the geographic atrophy lesion was seen only with the confocal scanning laser
ophthalmoscope (interrupted arrows). Choroidal vessels were seen only with the fundus camera (white arrows).
Hypoautofluorescence of the macula was more evident with the confocal scanning laser ophthalmoscope than with
the fundus camera (star).

(65/95 lesions) for FVM lesions, 35% (7/20 lesions) for PED lesions, and 83.4% (146/175 lesions)
for GA lesions (Fig. 4). The agreement rate for GA lesions was statistically higher than those of
other lesions (p<0.001).

The rates of hypoautofluorescence at SRD, FVM, PED, and GA lesions were 19.4% (14/72
lesions) with the FC and 38.9% (28/72 lesions) with the ¢SLO, 37.9% (36/95 lesions) with the FC
and 55.8% (53/95 lesions) with the ¢SLO, 20% (4/20 lesions) with the FC and 25% (5/20 lesions)
with the ¢SLO, and 84.6% (148/175 lesions) with the FC and 78.9% (138/175 lesions) with the
eSLO, respectively (Fig. 5). The hypoautofluorescence rates with the ¢SLO were significantly
higher at SRD and FVM lesions than those with FC, with no significant difference at PED and






