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Abstract

Purpose: To evaluate retinal sensitivity over hard exudates in correlation with the spectral domain optical
coherence tomography (SD-OCT) findings in eyes with diabetic retinopathy.

Methods: Twelve eyes of 10 patients with hard exudates associated with diabetic retinopathy were enrolled
in this study. All subjects underwent a complete ophthalmic examination including SD-OCT (Copernicus,
Zawiercie, Poland) and microperimetry (MP1; Nidek Technologies, Padova, Italy). Retinal sensitivity was
measured, over the areas with hard exudates and compared to corresponding locations devoid of hard
exudates, using a semi-automatic program. The size of the hard exudate plaque was measured using the
measurement software in the microperimeter. Retinal thickness in the area of the hard exudates and foveal
thickness were measured using SD-OCT.

Results: Mean retinal sensitivity over hard exudates was 4.97 + 4.17 dB which was significantly (P = 0.0001)
reduced as compared to locations devoid of hard exudates. No significant correlation (r=-0.23, P = 0.45) was
found between the size of the hard exudates and retinal sensitivity. A significant negative correlation was
found between retinal sensitivity and retinal thickness at the area of the hard exudates (r=-0.65, P = 0.05),
and between retinal sensitivity and foveal thickness (r=-0.91, P = 0.001).

Conclusion: In eyes with diabetic retinopathy, retinal sensitivity was reduced due to the presence of hard
exudates in the outer retinal layers and retinal thickening but this was not correlated with the size of the
hard exudates.
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INTRODUCTION diabetes mellitus, and remains one of the leading causes
of visual impairment and blindness.!® The deposition
Diabetic retinopathy is a common complication of = of hard macular exudates is a sight threatening
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deposits and appear as white, yellowish or waxy lesions
situated mainly in the outer plexiform layer of the
retina.[**! Large deposits of hard exudates increase the risk
of developing subretinal fibrosis, which is one of the most
devastating sequelae of diabetic maculopathy.” Previous
investigations have shown that hard exudates may be
associated with degeneration of both photoreceptors
and neuronal elements in the outer plexiform layer.”'?
Therefore, hard exudates may be an additional indicator
for loss of retinal function. Disturbance of central vision,
decreased fixation stability over hard exudates and
retinal thickening in the fovea, have been reported in
patients with diabetic maculopathy.’>*!

The microperimeter (MP1, Nidek Technology, Italy)
is an instrument used to assess retinal sensitivity at the
area of interest, the presence of scotoma and fixation
characteristics."'%l Spectral domain optical coherence
tomography (SD-OCT, Copernicus, Poland) scans the
posterior pole of the retina with high resolution (as high
as 6 microns resolution) and provides a 3-dimensional
image of the retina.l'”!

Structural and functional integrity over the areas with
hard exudates and locations devoid of hard exudates, has
not been previously studied. The present study aimed
to correlate retinal sensitivity with SD-OCT findings in
areas with hard exudate deposition in eyes with diabetic
retinopathy.

Twelve eyes of ten patients with hard exudates due to
diabetic macular edema, were studied in this prospective
case-control study. Informed consent was obtained
from the patients prior their participation. All patients
underwent a comprehensive ophthalmic examination,
including determination of best corrected visual
acuity (BCVA) using an ETDRS chart, fundus evaluation,
which included slit lamp biomicroscopy, indirect
ophthalmoscopy, and digital fundus photography.
Subjects with history of any ocular surgery or laser
treatment and patients with hereditary or acquired
macular disorders, other than hard exudates due to
diabetic macular edema, were excluded. Patients with a
significant ocular media opacity and pupil size less than
4 mm (due to poor quality SD-OCT scans) were excluded.
Different areas in the same eye were used as cases and
controls. Retinal sensitivity, measured over the area with
hard exudates, was recorded and compared with retinal
sensitivity measured in areas devoid of hard exudates
in the same eye. Retinal sensitivity was measured using
MP1, and retinal thickness in areas with hard exudates
and foveal thickness were measured using SD-OCT.
MP1 was performed [Figures 1 and 2] after mydriasis
using Goldmann III size stimuli of 120 millisecond
duration, a 4-2 threshold strategy and a white background
with 4 apostilbs luminance. A semi-automatic program
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Stimulus pattern of retinal sensitivity measurements
using microperimetry over the hard exudate area.

was used to manually select the area on the retina in
which the stimuli were projected. Initially, the color
photograph of the retina being examined was taken using
MP1; the borders of the hard exudates were marked
manually and stimulations were automatically projected
inside the marked area of interest on the retina. An equal
amount of area was stimulated in the area devoid of hard
exudates in the same retina, considered as control points.
The stimuli were projected, one at a time, and the patient
was asked to respond to every stimulus seen by pressing
a hand-held button. A well-defined reference mark in
the retina was chosen by the examiner to track saccadic
eye movements. A pre-test training was given before
starting the test. False negative responses were tested
once in a minute during the test. Fixation characteristics,
like fixation stability and location, were measured during
the test. Fixation patterns were analyzed based on data
obtained during the retinal sensitivity testing. Fixation
characteristics were classified according to the literature,
explained elsewhere.["!

SD-OCT imaging [Figure 3] was performed after
pupil dilatation using a 7 mm asterix scan (15 B-scans,
2,473 A-scans per B-scan) passing through the foveola and
over the area of the hard exudates. The scan length was
increased according to the location of the hard exudates.
Retinal thickness at the area of the hard exudates and
foveal thickness were measured manually, using the
measurement software present in the instrument.
Statistical analysis was performed using Statistical
Package for Social Sciences, version 12.0, (SPSS, Chicago,
Illinois) for windows. All measurements were recorded
by the same observer.

A total of 10 patients with mean age of 56.33 + 7.3 years
were studied. Visual acuity of subjects ranged from
0.20-1.50logMAR. Three hundred and twenty-nine points
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Stimulus pattern of retinal sensitivity measurements
using microperimetry over the non-hard exudate area.

were stimulated over hard exudates in twelve eyes; one
hundred and forty eight points were stimulated over
non-hard exudates area of five eyes of the same patients.
Areas without diabetic retinopathy lesions and without
any increase in retinal thickness were used as control
points. Retinal sensitivity measured over the hard
exudates was compared to retinal sensitivity measured
over the normal retina.

Retinal sensitivity over hard exudates was
significantly (P < 0.001) lower as compared to retinal
sensitivity over areas devoid of hard exudates.
Retinal sensitivity ranged from 0 dB to 18 dB (mean:
4.97 + 4.17 dB) in areas with hard exudates, and 2 dB
to 20 dB (mean: 13.13 + 3.7 dB) in control areas. Retinal
thickness, measured at the area of hard exudates (r-0.65;
P < 0.05), and foveal thickness (r-0.93; P < 0.001) were
significantly and negatively correlated with retinal
sensitivity. Retinal thickness at the areas of hard exudates
was 401 + 114 (range, 251-609) microns. The size of hard
exudate plaques ranged from 1,381-6,652 microns and
there was no significant correlation (r-0.22; P = 0.45)
between the size of hard exudate plaques and retinal
sensitivity over the hard exudates.

All eyes had central fixation. Three eyes (25%) showed
stable fixation, four (33.3%) showed relatively unstable
fixation and five showed (41.6%) unstable fixation.

Microperimetric evaluation of retinal sensitivity
has been used for several macular disorders.['*-2!
Previous studies have shown that microperimetry
provides exact measurement of retinal sensitivity and
directly correlates fundus details with retinal function.!
In this study, a semiautomatic program was used to
simulate the retina. This program provided measurement
of retinal sensitivity over the retinal lesions. In patients
with diabetic retinopathy, the correlation between
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Spectral domain optical coherence tomography
showing retinal thickening in areas with hard exudates and
their location in outer plexiform layer.

retinal sensitivity using microperimetry, visual acuity
and retinal thickness determined by OCT has been
reported.l'#15!

Retinal sensitivity, measured using the microperimeter,
has been reported in cases of diabetic retinopathy!**!
and diabetic maculopathy.* In this study, an attempt
was made to evaluate localized retinal sensitivity
in areas affected with hard exudates and compare
it with retinal sensitivity over areas devoid of hard
exudates in the same eyes. Retinal sensitivity was
decreased over the hard exudates when compared to
the non-hard exudates area. The reduction of retinal
sensitivity observed in this study was more than that
reported in a previous study (13.3 + 6.7 dB) using a
scanning laser ophthalmoscope microperimeter.?” This
difference may be due to the use of a different type of
stimulation program. Our study showed that loss of
retinal sensitivity over hard exudates could cause visual
impairment and scotoma, which is in line with previous
reports.l>6%!

Studies have reported a direct association between the
severity of hard exudates and visual disturbances.5!!
In contrast, the current study found no significant
association between the size of hard exudate plaques
and retinal sensitivity or visual acuity. Fixation
instability has been reported in diabetic macular
edema;® according to our data, most patients with
hard exudates showed unstable fixation. Foveal hard
exudates may be associated with dense scotoma and
deteriorated fixation.>'!

In the current series, the retina showed spongiform
thickening at the area of hard exudates and retinal
thickening in the area of hard exudates was negatively
correlated with retinal sensitivity. As previously
reported, hard exudates represent leakage of lipoprotein
at the outer plexiform layer and lead to neurological and
photoreceptor damage.”'? Reduced retinal sensitivity is
due to the deposition of hard exudates in the macula.*!
In the current study, retinal sensitivity was not correlated
with the size of the hard exudates plaque. Thus, it seems
that probably the biochemical composition but not size of
the hard exudates, determine retinal sensitivity as well as
retinal thickness. Also, it may be that the vertical extent
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of the hard exudate rather than the horizontal area of the
hard exudate, may affect retinal sensitivity.

Parisi et al®?*! evaluated psychophysical and
electrophysiological responses in eyes with early
age-related macular degeneration and reported a significant
correlation between multifocal electroretinogram (mfERG)
and microperimetry responses, suggesting that the
reduction in macular sensitivity using MP1 could be
ascribed to retinal factors leading the abnormal mfERG
responses such as a dysfunction in preganglionic macular
elements, i.e. photoreceptors and bipolar cells.

To the best of the authors” knowledge, no study has
assessed the sensitivity and specificity of microperimetry
in assessing localized retinal sensitivity. In the study
done by Oztiirk et al®! who evaluated the macula
in primary open angle glaucoma, the area under the
curve was reported to be 0.65. However, this was based
on mean retinal sensitivity and not localized retinal
sensitivity which was used in this study.

In summary, this study evaluated localized retinal
sensitivity in areas containing hard exudates in patients
with diabetic retinopathy. Retinal sensitivity was
correlated with retinal thickness, foveal thickness and
the location of the hard exudates but not with the size
of the hard exudates.
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