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ABSTRACT

To describe different techniques for the detection of diabetic foveal
edema. A retrospective review of the detection of diabetic foveal edema.
Noncontact lens biomicroscopy is relatively insensitive in mild foveal
thickening apparent on optical coherence tomography. Optical coherence
tomography measurements can detect early retinal damage in diabetic
retinopathy patients.
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Diabetic retinopathy remains one of the main causes of blindness even
in developed countries(1-3) and is also a common cause of visual impairment and legal blindness(1,4). Abnormal fluid accumulation within the
retina and an increase in retinal thickness usually result from the breakdown of the blood-retinal barrier(1,3).
The standard clinical method to determine the presence of diabetic
macular edema (DME) is the subjective detection of macular thickening by
various methods, using slit-lamp fundus biomicroscopy, such as the 78diopter noncontact or contact lens, indirect funduscopy, fluorescein angiography and fundus stereophotography. However, these methods are subjective and do not provide quantitative results.
Early detection of diabetic retinopathy (DR) is particularly important for
patients with diabetes mellitus (DM), because advanced DR is more refractory to treatment. Previous studies have shown retinal thickening due to
DR and morphological changes of the retina, even in the early stages of the
disease(2).
The various methods used to evaluate macular thickening are relatively insensitive both to small changes in retinal thickness and in those
cases in which visual acuity has not been affected yet(5).
Optical coherence tomography (OCT) is a relatively new technique for
high resolution cross-sectional imaging of the retina(6-7). Additionally, since
it is a noninvasive and noncontact procedure, without any iatrogenic features, OCT has been widely employed in the diagnosis of retinal diseases(8).
With such an objective and accurate technique, it is possible to not only
detect small changes in thickness, but also to determine the practical implications in the follow-up and efficacy of this treatment in our patients(1,9).
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Thus, the aim of this paper is to present a review of the
different propedeutic methods used to diagnose diabetic foveal edema.
DISCUSSION

Different techniques for the detection of
diabetic foveal edema
Diabetic retinopathy is responsible for a significant degree of visual loss and legal blindness in diabetic patients.
The pathogenesis of diabetic macular edema has not been
completely understood. It begins with the intracytoplasmic
swelling of the Müller cells due to ischemia, thereby causing
a cytotoxic edema(10). This condition progresses to a vasogenic edema with a subsequent release of permeable substances, such as prostaglandins, and vascular endothelial growth
factor from the ischemic retina(11).
The main procedure (gold standard) to determine the presence of diabetic macular edema is a subjective analysis
performed by slit-lamp fundus biomicroscopy with the 78-D
noncontact lens(12). Although Goldmann contact lens biomicroscopy was the clinical examination technique used in
the ETDRS(13), and is considered more sensitive than 78-D for
detecting DME, examination with noncontact lens is more
common in clinical practice. Some factors contribute to this
result, such as the lack of observers with experience, patient
compliance, adequate pupil dilatation, opaque media and the
extension of the retinal edema.
Detecting diabetic macular edema with a slit lamp is subjective and can be difficult in the early stages of the disease(14).
Excellent correlation was observed between OCT and
slit-lamp biomicroscopy, with a 78-diopter noncontact lens
examination, for the absence or presence of foveal edema,
when OCT thickness is normal (<200 µm) or moderately to
severely increased (>300 µm). It does not reflect the severity
and the extent of the edema and the retinal layer involved in
the thickening(12).
Strom et al. show that there is a high level of correlation
between fundus stereophotography and OCT, for the detection and location of retinal thickening. The first has the
advantage of presenting good lateral resolution, while with
OCT this is only possible through several scans. However,
OCT is capable of detecting earlier signs of macular edema
and structural modification(4).
Early detection of DR and DME can substantially reduce
the risk of visual impairment and blindness caused by diabetes (14).
Fluorescein angiography (FA) is one of the most efficient
methods to identify areas of vascular leakage in retinal and
functional studies. FA has been able to show early edema in
21% to 42% of diabetic adults who had results that were
considered negative for retinopathy with other methods(14).
However, there is a significant correlation between OCT and
fluorescein angiography features in diabetic macular edema

(Figure 1). Nevertheless, this evaluation is qualitative and
subjective, so small changes may not be detected and correlated to visual acuity(15). FA is an invasive diagnostic test that
carries a limited but real risk of an anaphylactic reaction to
sodium fluorescein and FA causes discomfort and sometimes
nausea or vomiting to patients undergoing the procedure(14).
Many types of optical imaging instruments, such as the
retinal thickness analyzer (RTA) and optical coherence tomography (OCT), have been used to detect early diabetic
damage(16-17). Several studies have shown that OCT and the
retinal thickness analyzer can quantify the retinal edema in
these cases with greater accuracy(2). OCT is more sensitive to
small changes in retinal thickness than slit-lamp biomicroscopy(5). OCT-3, which became commercially available in
2002, offers increased imaging speed and better axial (<10 µm)
view, when compared to previous versions of the instrument.
It should also be noticed that a shorter scanning time and the
consequent absence of movement by the patient, in addition
to more refined algorithms, result in better image quality, in
spite of being a high-cost procedure.
The images are obtained via six radial scans, centered on
the fovea. The cross-sectional images were analyzed with the
OCT-3 software, with the strongest borders of each tomography and supposing they were located on the internal vitreous-retinal face and on the external face of the retinal
pigmented epithelium-choriocapillaris zone.
The thickness is measured between the two faces. The
foveal thickness is usually defined as the mean thickness at
the 1000 µm diameter in the ETDRS layout, while the central
foveal thickness is defined at the point of intersection of the
six radial scans. This analysis protocol operates with six
radial line scans or four macular thickness scans. The algorithm calculates, separately, the retinal thickness and combines the results in order to build the circular maps. Two maps
are included in the analysis results.
One of them presents the retinal thickness through a color
scale, and the other shows the thickening in each area, in
micrometers (μm). Each map consists of three concentric circles, and the two external ones are divided into sectors.
Numerical information is also obtained, and includes the
center, which represents the average thickness (μm), the standard deviation for the central point and the total volume of
the retinal map, in millimeters (mm). The map with pseudocolors presents an intuitive and efficient method to compare
the retinal thickness with the observation made with slitlamp fundus biomicroscopy (Figure 2).
For the analysis of each eye, six consecutive OCT scans
are usually made, with equal angular spacing and a radial pattern centered on the fovea. Each one of the six tomographies
is oriented along the line that crosses the central fovea and
contains 100 equally spaced axial profiles (A-scan).
Therefore, measurements of retinal thickness were made
on a total of 600 points along these six intersected lines, and
six lines were located through the central fovea. Each of the
A-scans was run at 70 μm from the nearest one.
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Figure 1 - Fluorescein angiography (FA) of the patient with diabetic macular edema

OCT, also called “optical biopsy”, is an imaging technique that produces high-resolution cross-sectional images of
the retina, and it offers a structural and quantitative analysis
of diabetic macular edema.
OCT measures retinal thickness by considering the distance between the vitreoretinal interface and the anterior
surface of the retinal pigmented epithelium (RPE) - choriocapillaris region. Retinal swelling is seen as increased retinal thickness with reduced intraretinal reflectivity and
expanded areas of lower reflectivity. The algorithms detect
changes in reflexibility, resulting in an accurate measurement of the retinal thickness. Hussain et al.(18), point out
the positive correlation between the mean macular thickness and visual acuity in diabetic patients with non-proliferative retinopathy (19).

Previous studies show that there no difference between
mean foveal thickness between male and female patients.
Additionally, no correlation was found between a decrease in
macular thickness and the normal aging process.

CONCLUSIONS

In conclusion, the analysis of diabetic macular edema by
means of OCT provides information that may be useful to disclose the pathogenesis of the edema, to diagnose and optimize
early treatment, when necessary, thereby reducing visual loss.
Further research is necessary to investigate whether diabetic patients with subclinical thickening present a greater
probability of developing diabetic retinopathy.
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Figure 2 - Optical coherence tomography (OCT) shows diabetic macular edema
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