
Introduction

Diabetic macular oedema (DME) is
the major cause of visual loss in
patients with diabetes (Klein et al.
1998). Although DME is a treatable
disease, local treatment has still
unpredictable outcome (Beck et al.
2009). This is probably caused by the
existence of different DME pheno-
types, requiring an individual thera-
peutic approach (Ehrlich et al. 2010).
Slit lamp biomicroscopy, fluorescein
angiography (FA) and optical coher-
ence tomography (OCT) remain the
mainstay in the diagnosis and follow-
up of this disease. Recently, fundus
autofluorescence (FAF), a non-inva-
sive imaging technique, has been pro-
posed in the evaluation of DME (Pece
et al. 2009; Vujosevic et al. 2011).
Diabetic macular oedema with
increased foveal autofluorescence
showed decreased retinal sensitivity
(determined by microperimetry) com-
pared to DME with normal foveal
autofluorescence, indicating that the
function of the neurosensory retina
significantly deteriorates when FAF
increases (Vujosevic et al. 2011).
Therefore, non-invasive imaging tech-
niques may be useful to better identify
different DME characteristics and
possibly phenotypes. Although OCT
has added relevant information in
quantitative and qualitative evaluation
of DME, it fails to give immediate
information about the extension of
oedema (Ohkoshi et al. 2010). Fluores-
cein angiography, previously routinely

Scanning laser ophthalmoscopy
in the retromode in diabetic
macular oedema

Stela Vujosevic,1 Barbara Trento,2 Elisa Bottega,2

Francesca Urban,2 Elisabetta Pilotto2 and Edoardo Midena1,2

1G.B Bietti Eye Foundation, IRCCS, Rome, Italy
2Department of Ophthalmology, University of Padova, Padova, Italy

ABSTRACT.

Purpose: To determine the validity of scanning laser ophthalmoscopy in the

retromode (RM-SLO) versus other imaging modalities in the diagnosis of dia-

betic macular oedema (DME).

Methods: Two hundred and sixty-three eyes were examined. Inclusion criteria

were any stage of untreated or treated diabetic retinopathy and four imaging

modalities of the macula carried out on the same day: time domain optical

coherence tomography (OCT), fundus autofluorescence (FAF), RM-SLO and

fluorescein angiography (FA). Two masked retinal specialists independently

graded all images. Agreement between RM-SLO and OCT, FA and FAF in

evaluating the presence and patterns of DME was evaluated by kappa statis-

tics, sensitivity, specificity, observed proportional agreement, and proportional

agreement in positive and negative cases.

Results: The agreement in evaluating the presence ⁄absence of DME between

RM-SLO and OCT, FA and FAF was good: j = 0.73 (confidence interval;

CI, 0.64–0.83), j = 0.71 (CI, 0.61–0.81) and j = 0.73 (CI, 0.63–0.83),

respectively. The agreement in evaluating cystoid pattern of DME was almost

perfect between RM-SLO and OCT, RM-SLO and FA, j > 0.8; and good

between RM-SLO and FAF, j > 0.7. The agreement in evaluating the pres-

ence ⁄absence of subfoveal neuroretinal was almost perfect between RM-SLO

and OCT (j = 0.83; 95% CI, 0.70–0.96). Subfoveal neuroretinal detachment

did not show any specific pattern on FA or FAF. Sensitivity and specificity of

RM-SLO in evaluating DME was 97.7% and 71.9% versus OCT, 97.4% and

68.1% versus FA and 96.1% and 73.3% versus FAF. Retinal thickness of

233 lm represented the cut-off value to define DME by RM-SLO.

Conclusions: The combined use of non-invasive imaging techniques can

improve the diagnostic interpretation of different aspects of DME.

Key words: diabetic macular oedema – fluorescein angiography – fundus autofluorescence –

optical coherence tomography – retromode – scanning laser ophthalmoscopy

Acta Ophthalmol. 2012: 90: e374–e380
ª 2012 The Authors

Acta Ophthalmologica ª 2012 Acta Ophthalmologica Scandinavica Foundation

doi: 10.1111/j.1755-3768.2012.02410.x

Acta Ophthalmologica 2012

e374



used in DME diagnosis, is an invasive
technique, and its use in clinical prac-
tice is significantly decreasing (Brown-
ing et al. 2008). Scanning laser
ophthalmoscopy in the retromode
[Retromode Scanning Laser Ophthal-
moscopy (RM-SLO)] is a non-invasive
imaging tool, which enables an easy
visualization of deep retinal structures
by using an infrared laser light
(Yamamoto et al. 2008, 2010; Ohko-
shi et al. 2010; Acton et al. 2011). It
uses a central stop, which blocks
directly reflected light, while collecting
laterally oriented scattered light. As a
consequence, pseudo-3-dimensional
images of the retina are obtained. Ret-
romode Scanning Laser Ophthalmos-
copy has been used for the
visualization of cystoid macular
oedema of different origin, and drusen
in age-related maculopathy (Yamam-
oto et al. 2008, 2010; Ohkoshi et al.
2010; Acton et al. 2011). In DME, it
has been recently used for the visuali-
zation of subthreshold micropulse
diode laser treatment spots (Ohkoshi
et al. 2010). A systematic evaluation
on RM-SLO in patients with diabetes
has never been performed before.
Moreover, any new diagnostic tech-
nique needs a comparative study ver-
sus more standardized examinations
to validate its use in the classification
(and management) of any specific dis-
order. The purpose of this study was
to evaluate RM-SLO in DME and to
compare it to OCT, FA and FAF.

Materials and Methods

A total of 263 eyes of 137 consecutive
patients with diabetes were included in
this study. All patients were recruited
from the diabetic retinopathy (DR)
clinics from March to August 2009.
Inclusion criteria were men or women
with type 1 or 2 diabetes mellitus
(DM); any stage of untreated or trea-
ted DR; and no significant media opac-
ities and patients having all four
imaging modalities: OCT, FAF, fluo-
rescein angiography (FA) and RM-
SLO performed on the same day. All
patients underwent slit lamp fundus
examination of the macula using 60
dioptres lens. A written consent form
was obtained from all patients as well
as the approval from our institutional
review board. The study was conducted
in accordance with the tenets of the
Declaration of Helsinki.

Study procedures

Fundus examination

Stereoscopic slit lamp fundus exami-
nation of the macula was performed
with 60 dioptres lens by two retinal
specialists, independently.

Optical coherence tomography

Optical coherence tomography scan-
ning was performed on the Stratus
OCT TM scanner (Zeiss Humphrey
Instruments, Carl Zeiss Meditec
GmbH, Oberkochen, Germany) with
the 4.1 (0052) version software. The
scanning protocol used for this study
was ‘fast macular thickness’ pro-
gramme that creates a retinal map
algorithm consisting in six radiating
cross-sectional scans, each one 6 mm
in length produces a circular plot in
which the foveal zone is the central
circular zone 1.00 mm in diameter.
For the purpose of this study, retinal
thickness in the central 1 mm was
used as the OCT measurement of
foveal thickness (central retinal thick-
ness). Macular oedema was assigned if
central retinal thickness was higher
than 230 lm (Virgili et al. 2007).
Moreover, four additional line scans,
5 mm length, were performed centred
on the fovea at 0�, 45�, 90� and 135�.
These images were saved on hard disk
and graded for oedema pattern classi-
fication, according to the classification
proposed by Otani et al. (1999): cys-
toid pattern, sponge-like pattern (dif-
fuse) and serous neuro-retinal
detachment (SND).

Fundus autofluorescence

Fundus autofluorescence was recorded
with a confocal scanning laser oph-
thalmoscope (Heidelberg Retinal
Angiograph, HRA 2; Heidelberg
Engineering, Heidelberg, Germany)
using blue wavelength (solid-pumped
laser; 488 nm) for excitation, whereas
emitted light is detected above 500 nm
because of a barrier filter. The optical
and technical principles of the HRA
have been previously described in
detail (Bartsch et al. 1995; Holz et al.
1999). To amplify the autofluores-
cence signal of the final image, 15
acquired images were aligned, and a
mean one was calculated from these,
after detection and correction of eye
movements were performed by image
analysis software. Digital images were
saved on hard disk for further analy-

sis and processing. Fundus autofluo-
rescence images were graded for
different foveal patterns (normal, sin-
gle spot increased and multiple spots
increased) (Vujosevic et al. 2011).
Fundus autofluorescence images were
also graded for the presence ⁄ absence
of decreased ⁄ increased autofluores-
cence in the macula (Vujosevic et al.
2010).

Fluorescein angiography

Fluorescein angiography of ETDRS
field 2 was taken in all patients after
an adequate dilatation by a trained
photographer using TOPCON TRC
50IA 35� fundus camera (Topcon,
Tokyo, Japan) and saved in JPEG
format. Late-phase FA images of the
macula were graded for the presence
of fluorescein leakage and pattern of
leakage (cystoid and non-cystoid). In
case of cystoid leakage, its pattern
(one or multiple cysts) was also
evaluated.

Scanning laser ophthalmoscopy in the retro-

mode

Retromode Scanning Laser Ophthal-
moscopy images were obtained with
F-10 SLO (Nidek Co, Gamagori,
Japan). F-10 is a scanning laser oph-
thalmoscope that uses four different
wavelengths (blue, green, red and
infrared). The infrared laser is set at
790 nm. Moreover, F-10 contains
eight different apertures (five confocal
apertures and three apertures with a
central stop) and five stops. To obtain
a RM-SLO image, a central stop and
a laterally oriented oval-shaped open-
ing is used, from both the right and
left side. Retromode Scanning Laser
Ophthalmoscopy differs from the pre-
viously reported SLO used in the indi-
rect (dark field) mode, with an
infrared laser, because both a central
stop and a full ring aperture were
used. Using this system, a relatively
large amount of multiply scattered
light is collected (Elsner et al. 1992,
1996; Remky et al. 1999; Yamamoto
et al. 2010). In contrast, RM-SLO
uses a modified central stop. The
opening of the ring aperture is further
restricted and is laterally deviated
from the confocal light path. In this
way, scattered light from just one
direction is collected, and shadows to
highlight objects are obtained by
blocking the reflected light from the
other direction (Ohkoshi et al. 2010).
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Therefore, RM-SLO creates pseudo-3-
dimensional images and allows for
deep retinal structure evaluation with
high contrast. Retromode Scanning
Laser Ophthalmoscopy images were
graded for the presence ⁄ absence of
macular oedema. Presence ⁄ absence of
cysts was also analysed. If cysts were
present, their number was quantified
(one cyst or multiple cysts).

All four types of imaging modalities
(RM-SLO, OCT, FA and FAF) were
graded for the presence ⁄ absence of
macular oedema, pattern of DME
[cystoid, sponge-like ⁄diffuse and the
presence of subfoveal neuroretinal
detachment (SND)]. Microaneurysms
were also evaluated on SLO-RM and
FA. Two retinal specialists trained in
imaging grading, independently
graded, in a masked fashion, all
images on a 17-inch monitor dedi-
cated to DR screening (SV and EP).
In case of disagreement, adjudication
was given by the third party (EM).

Statistical methods

Sample size

A population value of kappa higher
than 0.60 was considered clinically
‘acceptable’ for the aims of the study.
The hypothesis that significant reli-
ability index kappa is higher than 0.60
when the expected value is 0.80 and
the proportion of positive ratings
made using dichotomous classification
of DME (present ⁄ absent) is 80% was
verified according to a two-tailed test
with a = 0.05. The minimum sample
size required to guarantee a statistical
power of 80% is 242 (Elsner et al.
1992). The null hypothesis that kappa
is not higher than 0.60 was main-
tained only if 0.60 was within the con-
fidence interval.

Reliability indexes

The agreement between RM-SLO and
other diagnostic methods (i.e. OCT,
FA and FAF) in evaluating the pres-
ence of DME, DME patterns, as well
as pattern of cystoid oedema was the
principal reliability index of the study.
Kappa statistic (j), a measure of
inter-method reliability that adjusts
for agreement by chance, and its 95%
confidence interval (CI) were calcu-
lated (Altman 1997; Sim & Wright
2005). Other indexes were also com-
puted to improve the evaluation of
obtained results. Such indexes were

sensitivity (SE), specificity (SP),
observed proportional agreement (P0),
proportional agreement in positive
cases (Ppos) and proportional agree-
ment in negative cases (Pneg).

Macular thickness cut-off between the
presence and absence of oedema

The empirical receiver operating char-
acteristic (ROC) curve (Fawcett 2006)
was drawn to determine the macular
thickness cut-off value that better dis-
criminates between the presence and
absence of DME. The area under the
curve, which is the probability of
ranking a positive case higher than a
negative one, was computed as well.
All statistical analyses were performed
with sas ⁄ stat

� 9.13 statistical package
for Windows, SAS (Cary, NC, USA).

Results

Of 137 patients (263 eyes), 87 were
males and 50 females. Twelve patients
had type 1 (10.1%) and 107 patients
(89.9%) type 2 diabetes mellitus
(DM). Mean age of patients was
48.8 + 11.5 years (range, 28–64 years)
and 66.6 + 8.1 years (range, 41–
85 years) in types 1 and 2 DM,
respectively. Mean duration of DM
type 1 was 28.8 ± 11.9 years (range,
5–51 years) and 15.4 ± 8.8 years
(range, 1–39 years) of DM type 2.
Mean central macular thickness was
323.4 ± 125.2 lm (range, 154.0–
884.0).

Classification by different methods
(RM-SLO, OCT, FA and FAF) of
DME pattern (cystoid, diffuse and
SND) and pattern of cystoid oedema
(cystic and multicystic) is shown in
Table 1. The agreement in evaluating
the presence ⁄ absence of DME
between RM-SLO and OCT, FA and

FAF was good: j = 0.73 (CI, 0.64–
0.83), j = 0.71 (CI, 0.61–0.81) and
j = 0.73 (CI, 0.63–0.83), respectively
(Tables 2–4). The agreement in evalu-
ating cystoid ⁄diffuse pattern of DME
was almost perfect between RM-SLO
and OCT, RM-SLO and FA,
j > 0.8, and good between RM-SLO
and FAF, j > 0.7 (Tables 2–4). The
agreement in evaluating the pres-
ence ⁄ absence of SND was almost per-
fect (j = 0.83, 95% CI, 0.70–0.96)
between RM-SLO and OCT
(Table 2). Subfoveal neuroretinal
detachment did not have any specific
pattern on FA or FAF (Tables 3 and
4). The sensitivity and specificity of
RM-SLO in evaluating macular
oedema, defined as foveal thickening
on OCT examination, were 97% and
71.9% versus OCT, 97.4% and 68.1%
versus FA and 96.1% and 73.3% ver-
sus FAF, respectively (Tables 2–4).
The highest sensitivity ⁄ specificity ratio
for RM-SLO in evaluating DME was
found at retinal thickness threshold of
233 lm, with a sensitivity of 89.1%
and specificity of 78.8% (Fig. 1). Ret-
romode Scanning Laser Ophthalmos-
copy detected tiny localized elevations
in 32 eyes, each one corresponding to
leaking microaneurysms in FA
(j = 1, CI, 1) (data not shown).

Discussion

In this study, we found that SLO in
the retromode and OCT show high
and almost equivalent agreement in
the evaluation of DME. Retromode
Scanning Laser Ophthalmoscopy
showed 97% sensitivity in detecting
retinal thickening because of DME,
defined as central retinal thickness
>230 lm on Stratus OCT. Notwith-
standing, the best correlation between

Table 1. Descriptive characteristics of 263 studied eyes by methods.

Characteristic RM-SLO (%) OCT (%) FA (%) FAF (%)

No oedema 52 (19.8) 64 (24.3) 69 (26.2) 60 (22.8)

Oedema 211 (80.2) 199 (75.7) 194 (73.8) 203 (77.2)

Diffuse 93 (44.1) 74 (37.2) 77 (39.7) 73 (36.0)

Cystoid 102 (48.3) 103 (51.8) 117 (60.3) 130 (64.0)

SND 16 (7.6) 22 (11.0) NA NA

Pattern of cystoid oedema, n (%)

Cystic 31 (26.3) 31 (24.8) 27 (23.1) 34 (26.1)

Multicystic 87 (73.7) 94 (75.2) 90 (76.9) 96 (73.9)

RM-SLO = retromode scanning laser ophthalmoscopy; OCT = optical coherence tomogra-

phy; FA = fluorescein angiography; FAF = fundus autofluorescence; SND = subfoveal neu-

roretinal detachment; n = number; NA = not applicable (because undetectable).
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Table 2. Agreement between RM-SLO and OCT in evaluating different DME patterns.

Characteristic Kappa (95% CI) P0 Ppos Pneg TP Pos SE TN Neg SP

Oedema versus no oedema 0.74 (0.64–0.83) 90.9 94.1 79.3 193 199 97.0 46 64 71.9

DME pattern

Diffuse 0.81 (0.73–0.89) 90.9 88.3 92.6 68 74 91.9 113 125 90.4

Cystoid 0.86 (0.79–0.93) 93.0 93.0 92.9 93 103 90.3 92 96 95.8

SND 0.83 (0.69–0.96) 97.0 84.2 98.3 16 22 72.7 177 177 100.0

Overall* 0.81 (0.74–0.88)

Pattern of cystoids oedema

Cystic 0.85 (0.74–0.96) 94.4 88.5 96.3 27 31 87.1 91 94 96.8

Multicystic 0.73 (0.61–0.86) 88.8 92.0 81.1 81 94 86.2 30 31 96.8

Overall� 0.70 (0.57–0.82)

DME = diabetic macular oedema; RM-SLO = retromode scanning laser ophthalmoscopy; OCT = optical coherence tomography;

P0 = observed proportional agreement (%); Ppos = proportional agreement in positive cases (%); Pneg = proportional agreement in negative

cases (%); TP = number of true positive cases (n) as classified by RM-SLO; Pos = number of positive cases (n) as classified by OCT; SE = sen-

sitivity (%);TN = number of true negative cases (n) as classified by RM-SLO; Neg = number of negative cases (n) as classified by OCT;

SND = subfoveal neuroretinal detachment; SP = specificity (%).

* Complete DME pattern: diffuse, cystoid and SND.
� Complete pattern of cystoid oedema: cystic and multicystic.

Table 3. Agreement between RM-SLO and FA in evaluating DME patterns.

Characteristic Kappa (95% CI) P0 Ppos Pneg TP Pos SE TN Neg SP

Oedema versus no oedema 0.71 (0.61–0.81) 89.7 93.3 77.7 189 194 97.4 47 69 68.1

DME pattern

Diffuse 0.83 (0.75–0.91) 91.7 89.5 93.2 68 77 88.3 110 117 94.0

Cystoid 0.86 (0.79–0.93) 93.3 94.4 91.7 109 117 93.2 72 77 93.5

SND NA

Overall* 0.82 (0.74–0.90)

Pattern of cystoid oedema

Cystic 0.88 (0.78–0.98) 95.7 90.9 97.2 25 27 92.6 87 90 96.7

Multicystic 0.81 (0.69–0.92) 92.3 94.7 85.7 81 90 90.0 27 27 100.0

Overall� 0.77 (0.65–0.89)

DME, diabetic macular oedema; RM-SLO, retromode scanning laser ophthalmoscopy; FA, fluorescein angiography; P0 = observed proportional

agreement (%); Ppos = proportional agreement in positive cases (%); Pneg = proportional agreement in negative cases (%); TP = number of

true positive cases (n) as classified by RM; Pos = number of positive cases (n) as classified by FAG; SE = sensitivity (%);TN = number of true

negative cases (n) as classified by RM; Neg = number of negative cases (n) as classified by FAG; SP = specificity (%); SND = subfoveal neu-

roretinal detachment; NA = not applicable because undetectable.

* Complete DME pattern: no oedema, diffuse, cystoid and SND.
� Complete pattern of cystoid oedema: cystic and multicystic.

Table 4. Agreement between retromode scanning laser ophthalmoscopy (RM-SLO) and fundus autofluorescence (FAF) in evaluating DME pat-

terns.

Characteristic Kappa (95% CI) P0 Ppos Pneg TP Pos SE TN Neg SP

Oedema versus no oedema 0.73 (0.63–0.83) 90.9 94.2 78.6 195 203 96.1 44 60 73.3

DME pattern

Diffuse 0.75 (0.65–0.84) 88.2 84.2 90.6 64 73 87.7 115 130 88.5

Cystoid 0.77 (0.69–0.86) 89.2 91.1 86.2 112 130 86.1 69 73 94.5

SND NA

Overall* 0.73 (0.64–0.82)

Pattern of cystoids oedema

Cystic 0.79 (0.66–0.91) 92.3 83.9 94.9 26 34 76.5 94 96 97.9

Multicystic 0.68 (0.54–0.81) 86.2 90.0 77.5 81 96 84.4 31 34 91.2

Overall� 0.62 (0.50–0.74)

DME = diabetic macular oedema; RM-SLO = retromode scanning laser ophthalmoscopy; FAF = fundus autofluorescence; P0 = observed

proportional agreement (%); Ppos = proportional agreement in positive cases (%); Pneg = proportional agreement in negative cases (%);

TP = number of true positive cases (n) as classified by RM; Pos = number of positive cases (n) as classified by AF; SE = sensitivity

(%);TN = number of true negative cases (n) as classified by RM; Neg = number of negative cases (n) as classified by AF; SP = specificity (%);

SND = subfoveal neuroretinal detachment; NA = not applicable because undetectable.

* Complete DME pattern: diffuse, cystoid and SND.
� Complete pattern of cystoid oedema: cystic and multicystic.
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sensitivity (89.1%) and specificity
(78.8%) (obtained with ROC curve)
was found at retinal thickness thresh-
old of 233 lm. In a systematic review
of published studies in which time
domain OCT was used in detecting
DME, Virgili et al. (2007) reported a
sensitivity of 79% and specificity of
88% for central retinal thickness vary-
ing between 230 and 300 lm,
although all reported studies were
small case series. Brown et al. (2004)
found the highest specificity (95.7%)
at retinal thickness threshold of
300 lm using time domain OCT in
172 eyes. In the present study (including
263 eyes), moderately higher specificity
(96.1%) was found with RM-SLO at
the same retinal thickness threshold
(300 lm). This central retinal thick-
ness value was proposed as the cut-off
value for laser photocoagulation in
patients with DME (Virgili et al.
2007). Although OCT is considered
the new gold standard in evaluating
DME, RM-SLO also allows for an
early detection of DME (Virgili et al.
2007). Moreover, the visualization of
macular oedema location, and the
extension of thickened area, is quite
immediate by RM-SLO (Figs 2 and 3).
Slightly lower agreement in evaluating
the presence of DME was found
between FA and RM-SLO. This
might be explained by the fact that
FA leakage does not always corre-
spond to increased retinal thickness

(Browning et al., 2008). When evalu-
ating different DME patterns (diffuse
and cystoid), all four imaging tech-
niques showed good agreement. The
best agreement was found between
RM-SLO and FA in evaluating the
presence of cystoid DME. In fact,
both honeycomb and petaloid pat-
terns of DME in FA were easily seen
as cysts of different dimensions on
RM-SLO (Figs 2 and 3). On the con-
trary, SND is detected just by OCT
and RM-SLO. No specific patterns
were found for SND on FA and FAF
(Vujosevic et al. 2011). Optical coher-
ence tomography better identifies
SND thickness, whereas RM-SLO
better shows SND extension and loca-
tion. In the past, a research model of
SLO, used in the so-called indirect
mode with an infrared laser, was used
in different retinal and subretinal dis-
orders (Ikeda et al. 1998; Hartnett &
Elsner 1996; Remky et al. 1999). The
SLO indirect mode, consisting in a
central stop and a full ring aperture,
showed to be useful in visualizing
alterations in deeper retinal layers and

choroid, such as thickness changes
because of atrophy, fluid accumula-
tion, choroidal neovascularization or
subretinal deposits (Elsner et al. 1996;
Hartnett & Elsner 1996). Remky et al.
(1999) used the same technique for
the non-invasive detection and quanti-
fication of cysts in cystoid macular
oedema of different origin. These
authors described the cysts as holes
with prominent edges, whereas super-
ficial plane features were not visual-
ized (Remky et al. 1999). Retromode
Scanning Laser Ophthalmoscopy rep-
resents a modification and advance-
ment of the indirect mode SLO,
because it provides a repeatable and
reliable higher contrast images
because of the fully modified confocal
aperture (the opening is positioned
laterally from the confocal light path)
(Elsner et al. 1992; Remky et al.
1999). Moreover, indirect mode SLO
was just a research device, used for
a limited period of time and with-
out further studies. Currently, RM-
SLO may be easily used in clinical
practice.

Fig. 1. Receiver Operating Characteristic

(ROC) Curve. The empirical ROC curve

showing the macular thickness cut-off value

(233 lm) at which retromode SLO better dis-

criminates between the presence and absence

of diabetic macular oedema (sensitivity,

SE = 89.1%; and specificity, SP = 78.8%).

The area under the curve, which is the proba-

bility of ranking a positive case higher than a

negative one, is 0.89.

Fig. 2. Multimodal imaging in exudative diabetic macular oedema (DME) Fundus colour Pho-

tograph, optical coherence tomography (OCT) line scan (at 180�) and OCT map (Top Left).

Retromode Scanning Laser Ophthalmoscopy (RM-SLO; top right), fundus autofluorescence

(bottom left) and fluorescein angiography (bottom right) of the right eye of a patient with exu-

dative cystoid DME with subfoveal neuroretinal detachment (SND). Retromode Scanning

Laser Ophthalmoscopy nicely shows different intra-retinal cysts (small and large ones) overlying

SND. Location and extension of SND and macular oedema are also easily evaluated.
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Yamamoto et al. (2010) docu-
mented cystoid macular oedema of
different origin with RM-SLO. These
authors found that whereas OCT
(both time and spectral domain
machines) detects oedema well in the
fovea, the quantification of its exten-
sion, obtained from longitudinal sec-
tions alone, remains difficult
(Yamamoto et al. 2010). They also
showed that even OCT en-face
images, obtained by four different
SD-OCTs, in eyes with cystoid macu-
lar oedema, detect a limited number

of cystoid spaces. This depends on the
location of cystoid spaces, which com-
monly encompass different retinal lay-
ers. Therefore, different en-face
sections are needed to visualize all
cystoid spaces as well as the extent of
cystoid macular oedema (Yamamoto
et al. 2010). Retromode Scanning
Laser Ophthalmoscopy allows for
clear visualization of each individual
cystoid space, regardless of the layer
of retina in which it occurs, because
of scattered light that gives a shadow
to the silhouetted cystoid space.

Cystoid macular oedema can also
be easily detected by FAF (McBain
et al. 2008; Vujosevic et al. 2011). In
patients with diabetes, increased
foveal FAF was found in 87% of eyes
with cystoid DME and correlated to
poorer visual function prognosis
(Vujosevic et al. 2011). Therefore,
RM-SLO and FAF might be included
in the classification and evaluation of
DME, because of the new information
they offer as adjuncts to OCT. The
classification of DME as focal or dif-
fuse (by means of fundus photo-
graphs, OCT or FA) seems not to be
fully adequate, mainly referring to
therapeutic results (Browning et al.
2008). A more detailed classification
of DME is obtained combining the
information given by different diag-
nostic methods, as well as the future
classification in different phenotypes.
In this way, more customized treat-
ment might give better functional
results in patients with diabetes.

The described pattern of DME
visualized by RM-SLO cannot be con-
fused with other lesions as retinal pig-
ment epithelium (RPE) changes, laser
scars, most of which are depressions
and not elevations on RM-SLO. But
RM-SLO cannot distinguish the ori-
gin of macular oedema, mostly cystoid
macular oedema.

A peculiar, and never previously
reported, finding with RM-SLO is the
visualization of leaking microanu-
rysms as localized elevations. These
elevations correspond to microaneu-
rysms that showed significant dye dif-
fusion in late-phase FA (Fig. 4). In
this way, RM-SLO, a fully non-inva-
sive imaging technique, might give
information currently obtained with
invasive FA. However, FA remains
the most important diagnostic tool in
the evaluation of capillary nonperfu-
sion in the macular area and changes
in the perifoveal capillary ring, both
accounting for visual acuity loss (Bre-
snick et al. 1984). The role of RM-
SLO in the evaluation of ischaemic
areas and leaking microanurysms
(which appear similar to small drusen)
need to be fully validated in an appro-
priate study. The major limitations of
this study are the use of time instead
of spectral domain OCT, which might
have influenced the quantification of
some smaller lesions. But, as previ-
ously mentioned, spectral domain
OCT is not yet fully validated to

Fig. 3. Multimodal imaging in exudative diabetic macular oedema (DME). Fundus colour Pho-

tograph, optical coherence tomography (OCT) line scan (at 45�) and OCT map (top left). Ret-

romode Scanning Laser Ophthalmoscopy (RM-SLO; top right), fundus autofluorescence

(bottom left) and fluorescein angiography (bottom right) of the right eye of a patient with exu-

dative cystoid DME. Retromode Scanning Laser Ophthalmoscopy nicely shows different intra-

retinal cysts (small and large ones) as well as location and extension of oedema.

Fig. 4. Visualization of leaking microaneurysms on RM-SLO (left) and fluorescein angiography

(right) of the same case showing diabetic macular oedema. Leaking microaneurysms (encircled

in B) are detected as localized elevations (encircled in A) on RM-SLO.

Acta Ophthalmologica 2012

e379



quantify the extension of DME.
Another possible bias is attributed to
the higher DME prevalence in popula-
tion attending our tertiary clinical cen-
tres.

In conclusion, the combined use of
purely non-invasive imaging tests
might be sufficient in the evaluation
of the presence and characteristics of
DME. The role of FA, a well-known
invasive technique, might be revisited
as the diagnosis and follow-up of
DME is concerned.
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