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Abstract

e AIM: To evaluate the role of central green-light fundus
autofluorescence (FAF) in diabetic macular edema(DME).

e METHODS: A consecutive series of 92 study eyes with

diabetic retinopathy were included. Out of those, 51
diabetic eyes had DME and were compared to 41 diabetic
eyes without DME. In all subjects, green -light FAF
images were obtained, quantified and classified into
various FAF patterns. Cross-sectional optical coherence
tomography (OCT) scans were obtained for evaluation of
Inner/Outer segment (Is/0S) layer integrity,
measurements of central RPE -IS/OS layer thickness as
well as classification of DME into various subtypes.

e RESULTS: Mean central green-light FAF intensity of eyes

with DME (1.289 +0.140)log did not significantly differ
from diabetic patients without DME (1.317 +0.137)log.
Most classifiable FAF patterns were seen in patients with
cystoid DME. Mean central retinal thickness (CRT) of all
study eyes with DME was (501.9+112.4)um compared to
(328.2+27.0)um in diabetic patients without DME. Patients
with DME had significantly more disrupted photoreceptor
IS/OS layers than diabetic patients without DME (28/51 us
5/41, P<0.001). Mean RPE -IS/OS thickness of patients
with DME (60.7+14.1)um was significantly (/0.001) lower
than in diabetic eyes without DME (73.5 +9.4)um.
Correlation analysis revealed non-significant correlations
of green-light FAF intensity and OCT parameters in all
subtypes of DME.

e CONCLUSION: Our results indicate a poor correlation

of central green-light FAF intensity with CRT, IS/OS layer
integrity or RPE -IS/OS layer thickness in diabetic
patients with or without DME and its various subtypes.
Thus, central green -light FAF is not suitable for
detection of retinal thickening in DME.
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INTRODUCTION
D iabetic macular

leading cause for visual impairment for the diabetic patient .

edema (DME) as

complication of diabetic retinopathy is known to be the

a common

The most common clinical presentations of DME are blurred

vision, metamorphopsies, floaters, changes in contrast

sensitivity, photophobia, changes in color vision and
scotoma. DME can be classified descriptively into focal and
diffuise DME. The latter subtype is supposed to be an
extensive or generalized leakage from the posterior capillary
bed due to a breakdown of the inner blood-retinal barrier
whereas focal DME results from extravasated fluid from
individual microaneurysms Pl A clear distinction between
focal and diffuse edema is not always possible .

The pathophysiology of DME is not completely understood.
Biochemical changes are supposed to lead to endothelial
damage with altered leucocyte function with a consecutive
breakdown of the blood-retinal barrier, dilated capillaries,
microaneurysms and loss of pericytes. Resulting vascular
leakage of fluid and serum proteins, plasma constituents and
lipids into the intraretinal space lead to increased retinal
thickness and DME

additionally

11 Ophthalmologic treatment options

to glycemic control and adjustment of
hypertension and hyperlipidaemia are laser photocoagulation,
intravitreal Anti-VEGF, intravitreally injected or implanted
steroids and pars-plana vitrectomy for refractory cases or
proven traction !9,

Assessment of DME can be done by slit-lamp biomicroscopy
or by stereoscopic macular photographs. Non-invasive
imaging techniques such as optical coherence tomography
(OCT) are of high value for diagnosis of DME and provide
qualitative and quantitative data useful as progression
parameters !,

Fundus autofluorescence (FAF) has been shown to be a
valuable tool for detection and monitoring of diabetic
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maculopathy, hereditary retinal disorders, geographic atrophy
secondary to AMD and uveitic CME 2,

Previous works suggest blue-light FAF to be a non-invasive
imaging technique to detect CME in diabetic retinopathy.
Specific FAF patterns observed in diabetic patients with
DME seem to correlate with various OCT patterns rather
than with visual acuity ), Recent works assume a more
accurate FAF analysis of pathological changes on RPE level
BsIf
confirmed, FAF might help in screening for diabetic macular

when obtained with green-light s blue-light FAF

edema.

The aim of this study is to investigate the role of green-light
FAF in DME by analyzing for possible FAF patterns and
correlations between green-light FAF intensity and central
retinal thickness (CRT), photoreceptor Inner/Outer segment
(IS/OS) layer integrity and RPE-IS/OS layer thickness in
diabetic study eyes with and without DME.

SUBJECTS AND METHODS

A consecutive series of 92 study eyes with diabetic
retinopathy were included in this study. The mean age was 63
years (range: 37-81 years), 18 women and 33 men were
included, 48 right and 44 left eyes. Forty-three patients had
DM Type 2, 2 patients had DM Type 1, both known for at
least three years. Out of those, 51 study eyes had DME
known for at least 3 months compared to 41 study eyes
without DME. DME was defined as central macular subfield
thickness greater than 372um obtained with HRA2
(Heidelberg Retina Angiograph-Optical Coherence Tomo-
graphy, Heidelberg engineering, Germany) 2! approximating
250pm obtained with Stratus OCT
were previous laser treatment in the analyzed field,

303 Exclusion criteria

degenerative disorders of the posterior pole and significant
media opacities.

After informed consent, non-mydriatic Optomap® green-light
FAF images were obtained (Figure 1). Basic operation of the
® 200Tx is a
ophthalmoscope (SLO) with two laser wavelengths scanning

Optomap Panoramic scanning laser
at 532nm ("green laser separation") and 633nm ("red laser
separation"). The two images can be viewed separately or
superimposed by specific software (Vantage V2, Optos PLC,
Dunfermline, Fife, Scotland, UK) to yield semi-realistic color
imaging. For green-light FAF images an excitatory laser
beam is produced at 532nm wavelength, emitting light within
the range from 540nm to 800nm detected by the machine.
Then pupils were dilated and a full retinal examination was
performed by a retinal specialist. An SD-OCT volume scan
(using eye tracking feature ART, standard averaging frame
number: 9) of the macula covering the edematous areas was
performed in mydriasis for each study eye to visualize
pathomorphologic changes and measure the central macular
thickness in wm and obtain the extent and characteristic
pattern of the DME (Figure 1). Wavelengths of HRA
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Figure 1 A: OCT volume scan of one left study eye with overlaid
retinal thickness map, red/orange indicate higher values rs
green/blue which indicate lower values; B: Green-light FAF image
of left study eye, various grayscale intensities indicate various FAF
signal intensities (O=black to 255=white). C and D: Quantification
of FAF intensity using Matlab based software with marking of the
fovea (C) and obtained FAF intensity scale ranging from 0 (black) to
255 (white) shown as function of pixel distance from the marked
fovea center in logarithmic scale.

SD-OCT are 870nm. Optical resolution is approximately
3.8um axial and 6pm lateral in high resolution mode.
Acquisition speed for OCT is approximately 40 000 A-scans
per second, scan depth is 1.9mm.

All research was conducted in accordance with institutional
guidelines and board approval and conformed to the tenets of
the World Medical Association Declaration of Helsinki.

OCT measurements According to literature integrity of
photoreceptor layers is of high importance for prognostic
evaluation of DME 231, Therefore, obtained cross-sectional
OCT scans from each study eye were made anonymous and
evaluated for integrity of photoreceptor Inner/Outer segment
layer (O=continuous, l=partly interrupted, 2=completely
interrupted, Figure 2). RPE-IS/OS thickness consisting of
RPE and IS/OS band was measured with Image J (NIH; http:
//rsb.info.nih.gov/ij/disclaimer.html).

OCT based subclassification of DME Each diabetic study
eye with OCT based diagnosis of DME (CRT measured with
SD-OCT =372pm equals Stratus OCT =250pm) was
subdivided into various subtypes as suggested in previous
published studies P**'**. Focal DME showed locally defined
retinal thickening compared to extensive retinal thickening
within at least two OCT subfields in diffuse DME. Cystoid
DME was classified due to presence of cysts within the outer
retinal layers seen on cross-sectional scans through the
central subfield. Non-cystoid DME had none or showed
minimal detectable cysts in cross-sectional OCT scans
(Figure 3, 4).

FAF quantification Obtained green-light Optomap FAF
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Figure 2 Interrupted (A) and partially interrupted (B) IS/OS layer band in patient with cystoid DME compared to continuous (C)

IS/OS layer band in patient without DME in cross—sectional OCT scans.

Figure 4 OCT cross—sectional scan based classification of DME into cystoid (A) and non—cystoid (B) DME compared to non DME

group (C).

Figure 5 Normal (A), single—spot (B) and multi—spot (C) increased FAF pattern of included patients with DME.

images were analyzed with a Stand-alone-Software based on
Matlab (Matlab 7.0 R14, Mathworks Inc., Natick, MA,
USA). FAF images were uploaded, the fovea center marked
and their brightness values histogram-based normalized with
values ranging between 0 (black) and 255 (white). A
quantitative analysis was performed calculating the optical
density values in logarithmic scale in the central macular area
(fovea) of each study eye and correlating the results with
CRT measured with HRA (Figure 1B, C, and D).

Qualitative analysis of FAF FAF images of all 92 study
eyes were classified into a normal/unremarkable FAF pattern
vs single-spot increased FAF or multi-spot increased FAF
pattern as suggested in previous works published by
Vujosevic ezz/™ (Figure 5).

Statistical Analysis Data were collected and analyzed using
SPSS Version 17.0 (SPSS Inc, Chicago, IL, USA). A Zvalue
of <0.05 was considered as statistically significant. Univariate

o

parametric analyses and non-parametric correlation analyses
were applied.

RESULTS

OCT Measurements Fifty-one study eyes with OCT based
diagnosis of DME were compared to 41 included study eyes
with diabetic retinopathy but without DME. Mean CRT of all
92 study eyes was (424.5+121.7)pum. Mean CRT of all study
eyes with DME was (501.9+112.4)um compared to (328.2+
27.0)pm in diabetic patients without DME (/~ <0.001).
Subclassification into different OCT patterns resulted in 21
study eyes with focal rs30 study eyes with diffuse DME with
a mean CRT of (463.1 +84.8)um and (529.0 £122.4)um
respectively (/2=0.038). Forty-five study eyes with DME had
cystoid and 6 had non-cystoid DME with a mean CRT of
(514.5£113.2)pum and (407.3+39.1)um respectively(/~=0.027).

Diabetic patients with DME had a significantly more
disrupted photoreceptor IS/OS layer than patients without
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DME. Twenty-eight of 51 study eyes with DME had a
partially or completely disrupted photoreceptor IS/OS layer
compared to 5 out of 41 study eyes without DME (2<0.001).
Mean central thickness of RPE-IS/OS band consisting of the
RPE and IS/OS layer band of all study eyes was(66.1+£13.9)um
(Figure 6). Mean RPE-IS/OS thickness of patients with DME
(2=51) was (60.7+14.1)pum and significantly lower than in
diabetic eyes without DME (#7=41) with(73.5+9.4)um ( ~<
0.001).CRT correlated significantly with RPE-IS/OS thickness
(Figure 7, Spearman's coefficient: 0.532, ~<0.001).
FAF Analysis Mean central FAF intensity of eyes with
DME was (1.289+0.140)log and not significantly (~=0.33)
different from the FAF intensity of (1.317 £0.137)log in
diabetic patients without DME. FAF intensity did not differ
significantly in both DME subgroups focal rs diffuse [
(1.282+0.107)log rs(1.293+0.161)log, ~=0.794] and cystoid
wsnon-cystoid [(1.285+£0.220)log #5(1.289+0.129)log, 2=0.97].
On total, 83 out of 92 diabetic study eyes showed
unremarkable FAF patterns, 43 out of 51 (84.3%) with DME
and 40 out of 41 (97.6%) without DME. Seven out of 51
patients with DME had classifiable FAF patterns, 3 (5.9%)
single-spot and 5 (9.8%) multi-spot increased FAF in analogy
to previously published works by Vujosevic ¢z 2/ One out
of 41 study eyes without DME had 1 (2.4%) classifiable
single-spot increased FAF.
Of all 21 focal DME patients 1 (4.8%) had single-spot and 2
(9.5% ) multi-spot increased FAF compared to 2 (6.7%)
single-spot and 3 (10%) multi-spot increased FAF out of 30
patients with diffuse DME. Most classifiable FAF patterns
were seen in patients with cystoid DME (.~ =45). Three
(6.7%) had single-spot and 5 (11.7%) had multi-spot increased
FAF. No classifiable FAF pattern was found in non-cystoid
DME (# =6).
Correlation Analyses Between FAF Intensity and OCT
Parameters No significant correlation was observed between
green-light FAF and CRT (Spearman's coefficient 0.038, A=
0.72), IS/OS integrity (Spearman's coefficient 0.201, 2=
0.054) and RPE-IS/OS thickness (Spearman's coefficient
0.035, 2=0.741) in all included study eyes. Analog subgroup
correlation analyses in the DME and non-DME group as well
as focal, diffuse, cystoid and non-cystoid DME subgroup
revealed non-significant (/>0.05) correlations of FAF intensity
and CRT, IS/OS integrity and RPE-IS/OS thickness with a
Spearman's correlation coefficient in the range between 0.005
and 0.772.
DISCUSSION
In our study, based on our observations, green-light FAF did
not show to be a useful tool in detection or classification of
DME. The FAF observed in healthy eyes is a cumulative
signal of a variety of fluorophores, each with its assumed
own excitation and emission spectra including lipofuscin,
which itself is a mixture of different compounds and is
78

Figure 6 Cross-sectional OCT scan (A) through macula of
study eye without DME and detail (B) of its foveal region with
RPE-IS/OS measurement (asterisk).
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Figure 7 Significant correlation with regression curve between
central retinal thickness (CRT) and RPE layer thickness in pm

in all 92 study eyes.

considered to be the strongest fluorophore of the ocular
fundus P-*7. Additionally to that, FAF properties vary according
to age, media opacities and excitation wavelengths =%,

The underlying pathophysiology for the observed increased
FAF in DME is not completely understood. Holz ¢ 2/ )
have suggested that altered FAF in macular edema might be
related to fluorophores, Ze retinoids, in extracellular intra- or
subretinal fluid, rather than to altered lipofuscin patterns on
RPE level. Another possible explanation is that intra-retinal
edema may result in lateral displacement of either macular
pigments of the RPE layer or luteal pigment with a reduction
of their density and a subsequent higher FAF due to a
decreased blockage 141,

FAF has been suggested as a convenient non-invasive
diagnostic tool for detection of cystoid macular edema ™,
Based on those observations of altered FAF in CME, efforts
have been made to classify DME into various subtypes
according to specific FAF patterns .

A limitation of our study is the fact that we are not able to
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identify and exclude other fluorophores due to pathologic
of the RPE that might alter the detected
autofluorescence signals and herewith measured central FAF

changes

intensities. Slight to moderate changes of lens opacities in
phacic patients also might contribute to a modified FAF. The
cross-sectional character of this study does not allow any
conclusions of a possible development or alteration of central
FAF of DME with its various phenotypes, stages and
durations.

In our study, central green-light FAF intensity did not
with
Subgroup correlation analyses revealed a lack of significant

significantly ~correlate central retinal thickness.
correlation of FAF intensity and CRT in patients with or
without DME as well as in the focal, diffuse, cystoid and
non-cystoid DME subgroup. All included patients with DME
showed various stages and phenotypes depending on duration
and severity the underlying diabetic retinopathy. That fact
enables us to classify it into different OCT patterns such as
diffuse

diverging

rs focal or cystoid s non-cystoid and results in

retinal and possibly also choroidal tissue
characteristics with various FAF properties. This might
explain our non-significant correlation findings of our
cross-sectional study in diabetic patients with or without
DME and its various subtypes.

We were not able to relate OCT patterns of OCT based
classified DME

successfully which can be explained with the inconsistent

subtypes to green-light FAF patterns

tissue characteristics found in DME. Progressed cystoid DME
was the only exceptional FAF pattern that showed a higher
percentage of altered and classifiable FAF patterns in the
sense of an increased single-spot or multi-spot FAF.

The negative significant correlation between CRT and
RPE-IS/OS layer thickness points towards a DME thickness
dependent alteration of the RPE and photoreceptor band and
may be interpreted as an additional progression parameter for
OCT based evaluation of DME over the course compared to
our observed non-significant correlation between FAF
intensity and RPE-IS/OS layer thickness. Regarding the
evaluation of IS/OS integrity, we were not able to rule out
scattering artifacts introduced by overlying cystic spaces,
which might influence the classification of IS/OS integrity
and therefore our correlation analyses, especially in
progressed DME.

Another important aspect worthy to be mentioned is the fact
that all previously published studies on central FAF in
patients with DME used HRA as their standard device thus
exciting with 488nm to obtain "blue-light" FAF images. In
our study we excited with 533nm using the only recently
commercially available device Optomap® Panoramic 200Tx.
Green-light autofluorescence signals obtained with Optomap
can be attributed to a higher proportion of "lipofuscin-
autofluorescence" and are supposed to be more sensitive and

more accurate in detecting pathophysiologic changes due to
lipofuscin accumulation in the RPE layer such as in patients
with AMD P, Excitation with lower wavelengths than
533nm might more likely detect signals from other
fluorophores which are supposed to play an important role in
various subtypes of DME 41,

In conclusion our results indicate a poor correlation of central
FAF excited with 533nm with CRT, IS/OS integrity and
RPE-IS/OS layer thickness in diabetic patients with or
without DME and its various subtypes. Thus, green-light FAF
excited with 533nm is not suitable for the detection of retinal
thickening in DME.
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