
iabetes mellitus (DM) is a serious disorder that affects nearly 350
million individuals worldwide.1 Visual impairment in diabetic pa-
tients is primarily due to diabetic macular edema (DME), which is

defined as the accumulation of fluid in or under the macula of the retina.2,3

Diagnoses of DME can be made by biomicroscopic examination and fluo-
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Correlations Between Fundus Autoflourescence and
Spectral-Domain Optical Coherence Tomography

Measures in Patients with Diabetic Macular Edema

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  The aim of this study was to investigate the correlation between short-wave
fundus autofluorescence (FAF) and spectral-domain optical coherence tomography (SD-OCT) meas-
ures in patients with diabetic cystoid macular edema. MMaatteerriiaall  aanndd  MMeetthhooddss::  FAF and SD-OCT
measurements were recorded from 123 eyes of 84 patients. The patients were grouped and compared
according to their FAF grades as follows: grade 1 (group 1, n=27), grade 2 (group 2, n=27), grade 3
(group 3, n=32), and grade 4 (group 4, n=37). FAF graded manually by single grader. The groups
were compared in terms of OCT findings (central macular thickness (CMT), total macular volume
(TMV), and IS/OS band integrity) with FAF type (single lobule, multi-lobular or mixed) and FAF
grade. RReessuullttss::  Group 1 and 2 patients primarily had single lobule FAF patterns, and groups 3 and
4 had multi-lobular and mixed FAF patterns (p<0.001). Difference between FAF grade and central
macular thickness and inner and outer segment (IS/OS) band disruption were statistically signifi-
cant (p<0.001). IS/OS band disruption was primarily observed in patients with multi-lobular and
mixed FAF patterns (p<0.041). CCoonncclluussiioonn:: Increased FAF grade and a mixed FAF pattern have sta-
tistically significant relation with the IS/OS band disruption ratio.

KKeeyy  WWoorrddss::  Tomography, optical coherence; macular edema; diabetes mellitus 

ÖÖZZEETT  AAmmaaçç::  Bu çalışmanın amacı diyabetik kistoid makula ödemi olgularında kısa dalga boylu
fundus otoflöresans (FAF) ile spektral optik koherens tomografi (SD-OCT) bulguları arasındaki ili-
şkiyi saptamaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Seksen dört olgunun 123 gözü çalışmaya dahil edilerek FAF
ve OCT ölçümleri kaydedildi. Olgular FAF derecesine göre evre 1 (grup 1, n=27), evre 2 (grup 2,
n=27), evre 3 (grup 3, n=32) ve evre 4 (grup 4, n=37) olarak dört gruba ayrıldı. FAF evrelemesi ma-
nuel olarak tek kişi tarafından yapıldı. Bu gruplar ve FAF paternleri (multi-lobuler, mikst ve tek-
lobül)  OCT bulguları (Santral maküler kalınlık, Total maküler kalınlık ve IS/OS band düzensizliği)
ile karşılaştırıldı. BBuullgguullaarr:: Grup 1 ve 2 olguları sıklıkla tek lobül FAF paternine sahiplerken grup
3 ve 4 olguları sıklıkla multi-lobüler ve mikst FAF paternine sahip idi (p<0,001). Santral makula
kalınlığı ve iç-dış segment (IS/OS) bant bütünlüğü bozukluğu ile FAF evresi arasında anlamlı ilişki
mevcuttu (p<0,001). IS/OS bant bozukluğu primer olarak multi-lobüler ve mikst FAF paternine
sahip olgularda izlendi (p<0,041). SSoonnuuçç:: Artmış FAF evresi ile mikst FAF paterni, IS/OS bütün-
lüğü bozukluğu arasında anlamlı ilişki mevcuttu. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Tomografi, optik koherens; makula ödemi; diabetes mellitus  
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rescein angiography (FA). However, optical coher-
ence tomography (OCT) is the most frequently
used diagnostic test for DME in daily ophthalmo-
logic practice. OCT is a noninvasive, noncontact
diagnostic method. It is well tolerated by patients
and uses light waves to take cross-sectional images
of retinal structures to provide important informa-
tion about the anatomic layers of the retina and
quantitative measurements of retinal thickness.4

Fundus autofluorescence (FAF) imaging is a novel
imaging technique that can be used, along with
other diagnostic tools, to track various retinal
pathologies.5-7 FAF is derived mainly from lipofus-
cin, a waste byproduct of phagocytosed photore-
ceptor outer segments, which accumulate in the
retinal pigment epithelium (RPE) and autofluo-
resces between 500 and 750 nm (the peak emission
is at 630 nm).8 FAF is a rapid, noninvasive imaging
method with 69% specificity and 81% sensitivity
for cystoid macular edema (ME).9 There are cur-
rently only a few studies that have correlated OCT
findings with FAF characteristics in DME. There-
fore, the aim of the current study was to investi-
gate the relationships between FAF and spectral
domain optical coherence tomography (SD-OCT)
findings in patients with diagnoses of DME.

MATERIAL AND METHODS

One hundred twenty-three eyes of 84 patients with
diagnoses of DME were included in this study and
were followed at the Retina unit of the Ulucanlar
Eye Training and Research Hospital. Complete
ophthalmologic examinations were performed on
all patients. The best corrected visual acuity
(BCVA) was measured, and OCT and short-wave
length FAF were conducted. Patients with corneal
leukoma, cataract, vitreous hemorrhage, senile
macular degeneration, a history of uveitis, vitreo-
macular traction, glaucoma, or areas of intense,
hard exudate in the foveal region were not in-
cluded the study. FAF imaging was performed
using a confocal scanning laser ophthalmoscope
(cSLO, Heidelberg Retina Angiograph 2, Heidel-
berg, Germany), and the patients were grouped
according to hyperautofluorescence (hyperaf)
measurements of the total area (1.5 mm diameter)

on 5˚ manually of FAF results. Patients with <25%
total hyperaf area were placed in group 1 (n = 27),
patients with 50% to 25% total hyperaf area were
placed in group 2 (n = 27), patients with 50% to
75% total hyperaf area were placed in group 3 (n =
32), and patients with >75% total hyperaf area were
placed in group 4 (n = 37). The patients were also
evaluated according to the FAF type (single lobule,
multi-lobular or mixed). OCT was measured with
the aid of Heidelberg Spectralis HRA + OCT (soft-
ware version 5.4.6). The groups were compared in
terms of OCT findings (central macular thickness
(CMT), total macular volume (TMV), and IS/OS
band integrity), FAF type (single lobule, multi-lob-
ular or mixed), and visual acuity. Grading of results
and evaluation of results was not blinded and re-
sults were evaluated by single grader. 

STATISTICAL ANALYSIS

The data analyses were performed using the SPSS
for Windows 11.5 package program. Continuous
variables were evaluated with the nonparametric
Kruskal-Wallis, Conover’s multiple comparison.
Nominal variables were evaluated with Pearson’s
chi-square or Fisher’s exact chi-square tests. p <0.05
was considered statistically significant. 

RESULTS

There were no significant differences between the
groups in terms of age or gender distribution (p>
0.05, see Table 1). The mean visual acuities were
0.22 ± 0.13 logMAR (range: 0.05 to 0.7) in the
group 1 patients, 0.40 ± 0.19 (range: 0.05 to 1.0) in
the group 2 patients, 0.68 ± 0.24 (range: 0.3 to 1.3)
in the group 3 patients, and 1.05 ± 0.29 logMAR
(range: 0.4-1.8) in the group 4 patients. Statistically
significant differences in VA were detected be-
tween the groups (p<0.001). These results suggested
a negative correlation between VA and FAF grade.  

We next categorized the FAF patterns within
each group of patients. For the patients in group 1,
20 (74%) had one lobule, and 7 (26%) had multiple
lobules (the mixed type was not observed). For the
patients in group 2, 8 (29.6%) had one lobule, 15
(56%) had multiple lobules, and 4 (14.8%) had
mixed type lobules. In the group 3 patients, 7
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(21.9%) had one lobule, 15 (46.9%) had multiple
lobules, and 10 (31.2%) had mixed type lobules.
Lastly, in the group 4 patients, 5 (13.5%) had one
lobule, 17 (46%) had multiple lobules, and 15
(40.5%) had mixed type lobules. These results sug-
gest that single lobule FAFs were more likely to be
observed among the patients of groups 1 and 2 and
that mixed and multiple lobule FAFs were most
often observed groups 3 and 4 (p<0.001, Table 2
and Figure 1).

Spectral-domain optical coherence tomogra-
phy (SD-OCT) was utilized to measure central
macular thickness, total macular volume, and inner
and outer photoreceptor segment (IS/OS) integri-
ties in each patient, which were then compared
across the groups. The average CMT was
301.03±32.27 µm (range: 240-389 µm) in group 1,
365.55±69.89 µm (range: 240-559 µm) in group 2,
479.18±102.46 µm (range: 312-707 µm) on group 3,
and 597.29±140.97 µm (range: 334-964 µm) in
group 4. The average TMV was 3.26±0.27 mm3

(range: 2.85 to 4.15 mm3) in group 1, 3.58 ± 0.44
mm3 (range: 3.06 to 4.76 mm3) in group 2, 4.22 ±
1.28 mm3 (range: 3.00 to 10.62 mm3) in group 3,

and 5.07±1.46 mm3 (range: 3.40 to 11.73 mm3) in
group 4. IS/OS band disruptions were detected in 2
patients in group 1 (7.5%), 5 patients in group 2
(18.6%), 14 patients in group 3 (43.8%), and 26 pa-
tients in group 4 (70.3%). There were significant
differences in CMT, TMV and IS/OS band integrity
between the groups (p <0.001, Table 3). In addition
to CMT, TMV and IS/OS band distortion appeared
to be positively correlated with FAF (Figure 2).

We lastly sought to correlate our SD-OCT
findings with the FAF patterns observed in each
patient. The FAF results were therefore used to di-
vide patients into three populations: i.e., a single
lobule group, a multiple lobule group, and a mixed
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TABLE 1: Patient demographic characteristics.

BCVA : Best corrected visual acuity.

Group 1 Group 2 Group 3 Group 4 P

Age (year) 64.2 64.1 63.3 61.3 >0.05

BCVA  (logMAR) 0.22±0.13 0.40±0.19 0.68±0.24 1.05±0.29 <0.001

Gender, n (%)

Female 16 (59.3) 15 (55.6) 19 (59.4) 20 (54.1)
>0.05

Male 11 (40.7) 12 (44.4) 13 (40.6) 17 (45.9)

One lobule Multi-lobule Mix 

Group 1 20 7 0 

Group 2 8 15 4 

Group 3 7 15 10 

Group 4 5 17 15 

P<0.001

TABLE 2: Comparison of the groups based on 
FAF classification.

FIGURE 1: Representive images for the FAF grades of the patients. Grade 1, Grade 2, Grade 3 and Grade 4 (from left to right).
(See color figure at http://www.turkiyeklinikleri.com/journal/oftalmoloji-dergisi/1300-0365/)



type lobule group. The average CMTs were 388.25±
149.20 µm (245-823 µm) among the single lobule
patients, 466.77±143.18 µm (240-860 µm) among
the multiple lobule group, and 506.75±146.48 µm
(312-964 µm) among the mixed type group. The
average TMVs were 3.77±0.94 mm3 (2.85 to 7.34
mm3) in the single lobule group, 4.21±1.21 mm3

(3.00 to 10.62 mm3) in the multiple lobule patients,
and 4.46±1.63 mm3 (3.09 to 11.73 mm3) in the
mixed type group. Average visual acuity (VA) was
0.45±0.38 logMAR in the single lobule patients,
0.66±0.37 logMAR in the multiple lobule group,
and 0.81±0.36 logMAR in the mixed type patients.
We found significant differences in the average

CMTs, Vs and VAs in the patients with a single lob-
ule compared to the patients with multiple lobules
or mixed type FAFs (p<0.001, p<0.005, and
p<0.005, respectively). There was no significant dif-
ference in CMT, V, or VA between the multi-lob-
ule and mixed type patients (p= 0.200, p= 0.389,
and p=0.065, respectively, Table 4).

IS/OS band disruption was detected in 11 sin-
gle lobule patients (27.5%), 21 multiple lobule pa-
tients (50%), and 15 mixed type patients (51.7%).
Multi-lobular and mixed type FAFs were detected
more often in patients with IS/OS band disruptions
than in the patients with single lobule FAFs 
(p <0.041).
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TABLE 3: Comparison of groups based on SD-OCT analysis. 

CMT: Central Macula Thickness; TMV: Total Macular Volume.

Group 1 Group 2 Group 3 Group 4 P

CMT, µm 301 365 479 597 <0.001

TMV, mm3 3.26 3.58 4.22 5.07 <0.001

IS/OS band distortion (%) 2 (7.5) 5 (18.6) 14 (43.8) 26 (70.3) <0.001

TABLE 4: Comparison of SD-OCT data based on patients’ FAF pattern.

CMT: Central Macula Thickness; TMV: Total Macular Volume; BCVA: Best corrected visual acuity.

One lobule Multi-Lobule Mix P

CMT, µm 388.25±149.20 (245-823) 466.77±143.18 (240-860) 506.75±146.48 (312-964) <0.001

TMV, mm3 3.77±0.94 (2.85-7.34) 4.21±1.21 (3.00-10.62) 4.46±1.63 (3.09-11.73) 0.005

IS/OS band disruption, n (%) 11 (27.5) 21 (50) 15 (51.7) 0.041

BCVA, logMAR 0.5 0.7 0.8 <0.001

FIGURE 2: Corresponding FAF and OCT images of the patients.
(See color figure at http://www.turkiyeklinikleri.com/journal/oftalmoloji-dergisi/1300-0365/)



DISCUSSION

The results of our study suggest that FAF and SD-
OCT measurements are significantly correlated in
patients with DME. We found that increased FAF
grade was positively correlated with IS/OS band
disruption and that increased CMT was positively
correlated with total macular volume. We observed
that patients with mixed type FAF patterns exhib-
ited the greatest IS/OS band disruptions and the
highest TMV and CMT levels. In contrast, in the
patients with single lobule FAF patterns, we ob-
served the lowest percentage of IS/OS band dis-
ruption and the lowest levels of TMV and CMT.

The most common cause of vision loss in pa-
tients with DME is macular edema.2 Fluorescein an-
giography (FA) and OCT are two of the main
methods used in the diagnosis of DME.10 OCT pro-
vides information regarding the localization of the
macular edema and the interface with the vitreoreti-
nal morphology.4 OCT can also provide quantitative
measurements, including central foveal thickness
and macular volume.4 FA is an invasive procedure
and can thus cause technical complications.4 While
macular perfusion and dynamic leakage can be
shown with FA, detailed morphological information
like that provided by OCT is unobtainable.11 Addi-
tionally, FA is a subjective, qualitative and time-
consuming method. Good correlations between
diagnoses made with OCT and FA have been re-
ported in previous studies, which suggests that both
methods can be used to diagnose DME.11 FAF is a di-
agnostic procedure that was introduced recently and
can be a useful diagnostic tool for many retinal dis-
eases such as macular degeneration, macular dystro-
phy and macular edema. However, the correlation
between OCT measurements and FAF patterns is
currently a controversial issue in this field.11-13 FAF is
known to be helpful in the diagnosis of diseases in
which lipofuscin and other fluorophores accumu-
late in RPE cells.5-7 Studies are also available that sug-
gest FAF might be used in the diagnosis of macular
edema.9,14,15

McBain et al. evaluated 34 patients who devel-
oped ME and determined that, when compared with
FAF, FA has an 81% sensitivity and a 69% speci-

ficity.9 It has also been reported that, based on FA
values, all patients with fluoride permanent macula
edema (PME) could be identified with FAF. Bessho
et al. studied 3 cases of diabetic ME and 11 cases of
ME due to central retinal vein occlusion and de-
tected pateloid patterns in the FAFs that were anal-
ogous to images acquired with FA.16 In a study by
Dinc et al., diagnoses of ME with FAF were con-
firmed in most of the patients, and the areas with
dark septa within the petaloid leakage on FA were
shown as decreased autofluorescence image areas on
FAF.17 Lipofuscin involves the intense peroxidation
of both lipids and proteins.18 Thus, it is thought that
lipofuscin can be used as a surrogate measure for ox-
idative damage in the retina. A recent study found
that lipofuscin accumulates in the RPE and mi-
croglia.18 Increased microglia activity is a known
condition in diabetes.19 It is possible that the hyper-
autofluorescent areas observed on FAF in DME pa-
tients might be due to increased levels of oxidative
substances in the microglia. 

Peca et al. identified three main patterns asso-
ciated with cystoid macular edema in diabetes: lob-
ular, multilobulated and mixed.20 In our study,
similar FAF patterns were observed. As we found
here, Peca et al. found that multi-lobule FAF pat-
terns were most common in patients with ME due
to diabetes. In their study, there were no signifi-
cant differences in CMT between FAF groups.20

We found that single lobule FAF patients had sig-
nificantly lower CMT values but did not find dif-
ferences between the other groups. TMV was also
lower in the single lobule patients in our study.
Pece et al. found reduced visual acuity in single
lobule patients compared to multiple lobule pa-
tients.20 Our results are consistent with this find-
ing. Vujosevic et al. divided pathological FAFs into
two types: single-spot and multi-spot.12 In their
study, the mean visual acuity was significantly
greater in patients with single-spots than in those
with multi-spots. These authors found no signifi-
cant differences in average macular volume or
mean CMT.  

The mechanical effects generated by cysts
might be another factor that influences the in-
creased FAF observed in DMO patients. Cysts are
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generally more localized to the inner nuclear layer
and outer plexiform, such as luteal pigments, and
can cause lateralized luteal pigments.9 Thus, cysts
can produce a blocking effect of the luteal pigments
by eliminating the absorption of blue light in the
fovea. 

Bessho et al. detected hyperfluorescence at 488
nm but not at 580 nm in the ME and therefore de-
fined the images as pseudo-hyperautofluorescent.16

The increased FAF was not due to accumulation of
lipofuscin and was linked to increased visibility on
RPE due to window defects in FA.9 Chung et al.
demonstrated increased hyperfluorescence in dia-
betic patients with ME.14 Our study also confirms
these findings. Significant relationships were found
between decreases in visual acuity and IS/OS band
disruption with increased FAF grade. Mixed and
multi-lobular FAF patterns were found more fre-
quently in patients who exhibited IS/OS band dam-
age. Pece et al. showed reduced visual acuity in
patients with increased FAF and DME.20 Addition-
ally, Vujosevic et al. showed significant relation-
ships between functional and morphological
disorders of the macula and increased FAF.12 Sig-
nificant relationships were found between in-
creased FAF in the retinal area and decreased

retinal sensitivity.12 Our current study found that
increased FAF might be useful as a prognostic
marker that reveals IS/OS band integrity and visual
acuity and that FAF patterns might be an impor-
tant diagnostic tool for patients with DME. Cur-
rently, FAF is not used as standard diagnostic
method for retinal pigment epithelium diseases.
The FAF method could also be utilized in unex-
plained or unresolved cases with macular disease
and for patients with DME. 

Characteristics of  FAF may help to evaluate
the extent of retinal injury however information
about retinal architecture and integrity is limited,
so FAF rarely used alone for the diagnosis of DME.

In the current study, a greater incidence of
IS/OS band disruption was observed among pa-
tients with mixed type FAF patterns, and a lower
incidence was observed in patients with single lob-
ules. Greater macular thickness and lower visual
acuity were primarily related to the mixed type
FAF pattern. FAF degree and the total area of hy-
perfluorescence might be used as prognostic tools
for visual acuity and IS/OS integrity. Therefore,
FAF is a promising method than can be utilized in
patients with diabetic macular edema and other
retinal diseases.
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