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RETINAL DISORDERS
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Abstract

Summary To evaluate the influence of hard exudates on
macular function in patients with diabetic retinopathy.
Methods Thirty seven eyes from 27 diabetic patients, aged
57+14 years, diabetes duration 12.5+9 years, not previ-
ously treated with photocoagulation, underwent fundus
photography, multifocal electroretinography (mfERG) and
optical coherence tomography (OCT). Hard exudates were
graded from fundus photography with superimposed OCT
and a superimposed hexagonal pattern (mfERG) by one
retinal specialist, unaware of mfERG and OCT results. We
defined three groups; A = eyes with exudates in the
analyzed zone, B = eyes with no exudates in the analyzed
zone but elsewhere, and C = eyes with no exudates. The
mfERG responses and OCT values from five defined areas
in the macula were compared.

Results MfERG showed that the implicit time was signif-
icantly prolonged in group A compared to group C in the
central, middle and outer areas and in the nasal and
temporal area (p=0.045, 0.019, 0.017 and 0.035 and
0.016 respectively), in group B compared to group C in
the central area (p=0.016), and in group A compared to
group B in the outer area (p=0.035). Amplitude differed
between group A and C in the middle area and outer area
(14.2+5.2 nV/deg® vs 21.1+8.7 nV/deg?, p=0.037 and
14.1+3.9 nV/deg® vs 17.7+7.1 nV/deg?, p=0.02 respec-
tively), and between group B and C in the temporal area
14.5+2.2 nV/deg® vs 20.0+8.7 nV/deg?, p=0.017). Macu-
lar thickness assessed with OCT was similar between the
groups.
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Conclusions In eyes with diabetic retinopathy, hard exu-
dates prolong the implicit time assessed with mfERG,
compared to eyes without hard exudates, and independently
of macular thickness. These results indicate that the hard
exudates in the macular region, even at a distance from the
fovea centre, have a deleterious effect on macular function.
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Introduction

Clinically significant diabetic macular oedema is a thick-
ening of the retina at or near the centre of the fovea as
defined by the Early Treatment Diabetic Retinopathy Study
(ETDRS) [1]. It is often accompanied with hard exudates
which consist of lipoproteins leaking from the capillaries
[2]. The presence of hard exudates has proven to be the
strongest risk factor for the development of subretinal
fibrosis [3], and hard exudates are independently associated
with a higher risk of visual impairment [4].

Previous studies have shown that spontaneous regression
of hard exudates in diabetic retinopathy may occur, but is
not followed by visual recovery [5]. In addition, laser-
treated eyes with diabetic macular oedema and hard
exudates have a less favourable visual outcome than laser-
treated eyes without hard exudates [4, 6]. Recently, it has
been reported that intravitreal injection of triamcinolone
reduces the amount of hard exudates, albeit only with little
improvement in visual acuity [7].

In addition to visual acuity measurement, studies on
fixation stability [8] and fundus microperimetry [9] in eyes
with hard exudates have demonstrated decreased fixation
stability and reduced function above circinate rings.
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However, the direct influence of hard exudates on retinal
function is not fully understood. The development of
mfERG, which was introduced by Sutter and Tran [10],
has made it possible to study the macular region more
accurately, and has made it possible for us to evaluate the
extent of macular dysfunction in an objective way [11, 12].

The aim of the present study was to evaluate, with
mfERG, the influence of hard exudates on macular function
in patients with diabetic retinopathy. For this purpose, we
analyzed mfERG amplitude and implicit time within the
corresponding areas of the OCT's central, middle and outer
and nasal and temporal area.

Patients and methods
Patients

Thirty seven eyes from 27 consecutive patients with
diabetic retinopathy, regularly attending the outpatient
clinic at the Department of Ophthalmology, Lund University
Hospital were included in this study. The other 17 eyes, from
the 27 patients, either had cataract or had previously been
treated with photocoagulation in the macular area.

Seven patients were classified as type I diabetes and the
rest, who were older than 30 years at onset of diabetes, and
did not require insulin treatment within 2 years of
diagnosis, were classified as type II diabetes.

All examinations were performed between 08.00 a.m.
and 11.00 a.m.

All patients gave written consent to participate in the study,
which was approved by the Ethics Committee of Lund.

Classification of retinopathy

The level of diabetic retinopathy was diagnosed by a retina
specialist using fundus photographs (45° Topcon fluores-
ceinangiography camera (FA) TRC 501X). All patients had
nonproliferative diabetic retinopathy (NPDR) i.e., micro-
aneurysm, haemorrhages, no IRMA, with or without hard
exudates, according to definitions by the ETDRS [1]). No
eye had signs of macular edema more than 6 months prior
to the examination. None of the patients were previously
treated with argon laser, anti-VEGF therapy or other
intravitreal injections.

No eyes had any media opacity, a history of ocular
surgery or other eye diseases than diabetic retinopathy.

Visual acuity

The best-corrected visual acuity was measured using the
ETDRS Charts [13], and given as logMAR.
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Multifocal ERG

Multifocal electroretinograms were recorded using a visual
evoked response imaging system (VERIS 4; EDI, San
Mateo, CA, USA). The stimulus matrix consisted of 103
hexagonal elements that were displayed on a screen in an
IR camera, driven at 75 Hz frame rate. The sizes of the
hexagons were scaled with eccentricity to elicit approxi-
mately equal amplitude responses at all locations. At a
viewing distance of 5 cm, the radius of the stimulus array
subtended approximately 20-25 degrees. The luminance of
each hexagon was independently alternated between black
and white according to a pseudorandom binary m-sequence
at 75 Hz. The maximum luminance was 138.0 cd/m? and
the minimum luminance was 3.5 cd/ m?, resulting in a
mean luminance of approximately 70.8 cd/ m?. Pupils were
maximally dilated with tropicamide and phenylephrine
hydrochloride. A gold ground electrode was attached to
the forehead. Retinal activity was recorded with a gold
bipolar contact lens (Hansen Ophthalmic, lowa City, IA,
USA), which was placed on the anesthetized (oxibuprocain)
cornea. The fixation was controlled using a fundus camera
and illumination with infrared light from the recording
electrode, with visualization of the hexagonal elements over
the retina [14]. Pl amplitude and implicit time were
calculated according to the guidelines for basic mfERG
[14]. The central area was defined as the summed responses
from the first and second ring of the standard mfERG
hexagonal pattern. The middle area was defined as the third
ring and the outer area was defined as the fourth ring of the
standard mfERG hexagonal pattern. Amplitude and implicit
time were analyzed within the four innermost (13°) of the
six concentric rings, registered by the mfERG, which
correspond to the three areas measured by the OCT (O
6.0 mm). (Fig. la). The nasal and temporal area was
defined from the summed response from the corresponding
inner and outer nasal, and inner and outer temporal OCT
areas (Fig. 1b) .

For further calculations we divided the eyes into two
groups; eyes with no exudates and eyes with exudates. We
analyzed and compared amplitude and implicit time.

Optical coherence tomography

The retinal mapping was performed using the OCT 2
(Zeiss Humphrey Instruments, Dublin, CA, USA) stan-
dard program for retinal mapping. An examination with
six radial lines with a length of 6.0 mm centred at the
fovea, and with 30 degrees displacement from each
other was performed. The mean macular thickness
calculation was from the OCT retinal thickness software
program.
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Fig. 1 a Central area of the OCT and the central ring (summed
response of ring 1+2) of mfERG. 2 Middle area of the OCT and the
ring 3 of mfERG. 3 Outer area of the OCT and the ring 4 of mfERG. b
The summed response from the nasal and temporal mfERG response,
corresponding to the inner and outer nasal and temporal areas on the
OCT areas were recorded and further analyzed

Calculating macular thickness, mfERG response
and grading hard exudates

For each patient, in a standardized way, a skilled ophthal-
mologic assistant superimposed the OCT pattern over the
fundus photography. The distance between the foveola and
the temporal border of the optic disk is considered as half
the length of the radial line (3 mm) used at the OCT
examination.

The ophthalmologic assistant also superimposed the
hexagonal pattern from the mfERG examination, corre-
sponding to the three OCT areas, providing that 1 mm of
the radial line corresponds to 4° of the mfERG rings
(Fig. 2). [15, 16].

We studied three different macular areas defined from the
OCT examination; the central area (corresponding to the
summed response from the two innermost rings of the mfERG
pattern), the middle area (corresponding to the summed
response from the third ring of the mfERG pattern), and the
outer area (corresponding to the summed response from the
fourth ring of the mfERG pattern) (Fig. 1a). In addition, we
further analyzed the summed response from the nasal and
temporal mfERG corresponding to the inner and outer nasal
and inner and outer temporal OCT areas (Fig. 1b).

Hard exudates were graded in the three circular macula
areas and in the nasal and temporal areas as present or not
present. No hard exudates had an extension of more than 1/3
optic disc diameter.

The hard exudates were graded by a skilled ophthalmol-
ogist who was unaware of the mfERG and OCT results.

Three groups of eyes

Group A: eyes with hard exudates within the analyzed
area.

Group B: eyes with no hard exudates within the analyzed
area but elsewhere.

Group C: eyes without hard exudates.

Medical parameters

At baseline, we measured the glycosylated hemoglobin
levels. We recorded diabetes duration, blood pressure, type
of diabetes, type of diabetes treatment, and whether the
patients used antihypertensive drugs or not.

Fig. 2 The distance between foveola and the temporal border of the
optic disk is considered as half the length of the radial line (3 mm)
used at the OCT examination
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Fig. 3 The HbAlc range in the group without exudates (0) and the
group with exudates (/)

Analytical techniques
The upper normal reference range for HbAlc was<5.3%.
Statistics

Values are given as means £ SD or median and range.
Student's #-test was used for normal distributed data and

Table 1 mfERG, Implicit time

Mann—Whitney U-test for skewed data. Spearman's rho was
used to calculate correlations between the parameters.
Visual acuity was given as logMAR. The Kruskal-Wallis
one-way analysis of variance test for multiple independent
samples was used as an extension of the Mann—Whitney.
SPSS version 16 was used for the calculations.

Results
Patient characteristics and visual acuity

The age difference was not statistically significant between
the patients with and without hard exudates (59+13 vs 57+
15 years), but patients without hard exudates had a longer
diabetes duration (15+£10 vs 8+6 years; p=0.034). Mean
HbA . levels (7.1+1.8 %; Fig. 3) and systolic and diastolic
blood pressure (135+22 and 78+11 mmHg respectively)
were similar between the two groups.

Mean visual acuity score on the ETDRS chart, in the
central area, was 81+7 letters in Group A, 8247 letters in
group B, and 80+10 letters in group C. Corresponding
figures in logMAR were in group A —0.18+0.2, in group B
—0.09+0.2, and in group C —0.13+0.2. There was no
statistical difference between the three groups.

Multifocal ERG between group A, B and C in the different
macula areas

The Kruskal-Wallis test demonstrated different implicit time
between the three groups (A, B and C) in the central, outer and
temporal area, p=0.027, p=0.033, and p= 0.032 respectively.
Different amplitude was calculated in the middle and
temporal area, p=0.041 and p=0.045 respectively.

Central area Middle area Outer area Nasal area Temporal area
mfERG implicit N mfERG implicit N mfERG implicit N mfERG implicit N mfERG implicit N
time(ms) time(ms) time(ms) time(ms) time(ms)

Group A 31.9+£3.0 15 304+5.1 15  30.8<1.9 12 33.5+25 5 33.3+£2.5 5
p=0.045e »=0.019e p=0.017e p=0.035e p=0.016e

p=0.035 A

Group B 333+2.1 6 25.1+£9.4 6 30.1£1.9 9 30.9+£2.0 16 31.0+2.1 16
p=0.01A

Group C 29.4+5.0 16 29.4+23 16 28.9+1.6 16  30.5+3.7 16 30.5+3.7 16

Total N eyes 37 37 37 37 37

Values are given as means + SD

e significant differences between group A (hard exudates in the examined area) and group C (no hard exudates at all)

A significant differences between group A (hard exudates in the examined area) and group B (no hard exudates in the examined area but

elsewhere)

Asignificant difference between group B (no hard exudates in the examined area but elsewhere) and group C (no hard exudates at all)

P value<0.05 was considered significant.
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Table 2 mfERG, amplitude

Central area Middle area Outer area Nasal area Temporal area
mfERG amplitude N  mfERG amplitude N  mfERG amplitude N mfERG amplitude N  mfERG amplitude N
(nV/deg®) (nV/deg®) (nV/deg®) (nV/deg?) (nV/deg?)
Group A 21.5+8.0 15 142452 15 14.1+3.9 12 12.3+4.1 5  16.1+44 5
p=0.037e p=0.02e
Group B 19.7+£5.7 6 223493 6  12.0£53 9 127434 16 145422 16
p=0.017A
Group C 28.3+12.6 16 21.1+8.7 16 17.7+7.1 16 16.7+£7.3 16 20.0+£8.7 16
Total n eyes 37 37 37 37 37

Values are given as means + SD

e significant differences between group A (hard exudates in the examined area) and group C (no hard exudates at all).

A significant difference between group B (no hard exudates in the examined area but elsewhere) and group C (no hard exudates at all)

P value<0.05 was considered significant.

Implicit time was significantly prolonged in group A
compared to group C in the central, middle and outer areas
and in the nasal and temporal areas; p=0.045, 0.019, 0.017
and 0.035 and 0.016 respectively (Table 1). A significantly
prolonged implicit time was also seen in group B compared
to group C in the central area; p=0.016, and group A
compared to group B in the outer area; p=0.035.

Amplitude differed between groups A and C in the
middle area and the outer area; 14.2+5.2 nV/deg® vs 21.1+
8.7 nV/deg®> (»p=0.037) and 14.1+3.9 nV/deg® vs 17.7+
7.1 nV/deg? (p=0.02) respectively and between groups B
and C in the temporal area, 14.5+2.2 nV/deg® vs 20.0+
8.7 nV/deg” (p=0.017) (Table 2).

Macular thickness assessed with OCT was similar
between the groups (Table 3).

Multifocal ERG between eyes with and without exudates
in the different areas

For further evaluation of the mfERG of the central macular
are, we compared the 16 eyes with no exudates with the 21
eyes with exudates.

Amplitude and implicit time were analyzed. Eyes with
exudates demonstrated significant lower amplitude (21+7

Table 3 OCT, macular thickness

vs 28+12 nV/deg?, p=0.037) and prolonged implicit time
(32+3 vs 29+5 ms, p=0.021) compared to eyes without
exudates.

Discussion

Several studies have reported the influence of macular
thickness, assessed with OCT, on visual acuity and retinal
function [17, 18]. Hard exudates often accompany diabetic
macular edema. They are also known to be the strongest
risk factor for subretinal fibrosis and a poor visual outcome
[3, 6]. Increasing amounts of exudates appear to be
associated with an increased risk of visual impairment [4].
However, the influence of hard exudates on retinal function
has to our knowledge not previously been studied.

Former studies have shown a local predictive power of
the mfERG implicit time, for diabetic retinopathy, in areas
without diabetic retinopathy [16, 19, 20].

The findings that implicit time is prolonged in diabetic
eyes can be referred to the fact that diabetic retinopathy is
largely caused by defects of retinal capillaries in the inner
nuclear layer, where the cellbodies of the bipolar cells, the
primary generators of the mfERG, are located [21].

Middle area
OCT macular N
thickness (pm)

Central area
OCT macular N
thickness (pm)

Outer area
OCT macular N
thickness (pm)

Nasal area
OCT macular N
thickness (pm)

Temporal area
OCT macular N
thickness (pm)

Group A 265+57 15 315+60 15 274+40 12 319+80 5 332+107 5

Group B 259+71 6 293+11 6 265+43 9 288+31 16  264+29 16
Group C 264+66 16 302+76 16 262+61 16 297491 16 265+52 16
Total n eyes 37 37 37 37 37

Values are given as means + SD
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Hard exudates are most typically located in the outer
retina [22].

Compared to the five areas with no exudates in the
examined area or elsewhere in the macular region(group C),
we found a prolonged implicit time in all five areas with
exudates (group A).

From interest in the matter, we also found a prolonged
implicit time in the central area without exudates but
elsewhere in the macular region (group B). Furthermore,
this was not found in the central area without exudates
(group C). Our results imply that a retina with hard
exudates is in all respects sicker than a retina without
exudates, even in areas without fundus pathology. This is
also in agreement with former studies, which found hard
exudates themselves to be related to visual loss even when
other retinal lesions are mild [23, 24].

We found a significant reduction of the amplitudes in eyes
with hard exudates only in the middle and outer area.
However, in all areas the amplitudes were highest in eyes
without exudates, albeit not reaching statistical significance.
This is in agreement with a morphological study which found
degeneration of photoreceptors due to hard exudates [25].

Fortune et al. (1999) showed that the amplitude is not
associated with diabetes retinopathy in the same way as
implicit time. One reason for this might be the higher inter-
subject variability of local mfERG amplitude among control
subjects [26, 22].

Macular thickness assessed with OCT did not differ
between areas with or without hard exudates. Thus, macular
thickness could not have influenced the mfERG results,
which is in agreement with ETDRS report no 22, which
describes hard exudates as being independently associated
with the risk of visual loss even after adjusting for the
extent of macular edema [4].

In the present study, patients with eyes with hard
exudates had a shorter duration. Recent HbAlc did not
differ between the groups, but it has been shown that
metabolic control years earlier determines the degree of
complications later [27, 28]. This could be an alternative
explanation to the functional differences between the group
with and the group without hard exudates. Another
difficulty is that the onset of diabetes and the date of
diagnosis may differ. In former studies [19, 20] where a
predictive model for development of diabetic retinopathy
was made, retinopathy level at baseline was shown to be a
strong predictor for the development of diabetic retinopa-
thy, and we had minor information about the retinopathy
grade at baseline. Another explanation is that this could be
an accidental significance because of the limited number of
patients, and could therefore not be further evaluated.

Hard exudates, which consist of extra vascular lip-
oproteins, and are most typically located between the small
retinal vessels in the outer retina [22], might spread to the
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subretinal space when long-standing [29]. Although we
could not determine the exact duration of the macular
oedema, no oedema had a longer duration than 6 months.
Therefore, it is not likely that the hard exudates had moved
subretinally.

In the present study, the hard exudates could be located
anywhere within the central, middle, or outer area, and it
may be argued that the mean recordings from the mfERG
areas corresponding to the OCT rings did not reflect the
hard exudates in a proper way. However, when analyzing
the temporal area we found that eyes presenting hard
exudates in the temporal area had a prolonged implicit time
compared to eyes without exudates in that specific location.
The OCT areas did not correspond perfectly well to the
mfERG areas, which might influence the results,. However,
we found statistical difference between Group A (eyes with
exudates in the analyzed area) and Group C (no exudates)
in all five areas.

We only recorded the HbAlc. Klemp et al. [30] have
shown that blood glucose may influence the mfERG result.
However, Klemp's study included only diabetic patients
without retinopathy. This effect has not been demonstrated
in diabetics with retinopathy, the group selected here.

The results indicate that the occurrence of hard exudates
in the macular region, even at a distance to the fovea, has a
deleterious effect on macular function.

The influence of peripherally located hard exudates on
central foveal function might extend the indications for
laser treatment of diabetic macular edema, which according
to the ETDRS is retinal thickening with or without hard
exudates within 500 micron [13].

We need further research, including more patients,
making it possible to study the influence of hard exudates
on macular function.
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