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Abstract

Objectives: To assess multifocal electroretinogram (mf-ERG) values in patients with diabetic macular edema (DME) who
were treated with intravitreal ranibizumab (IVR).

Methods: Thirty eyes of patients with DME, who underwent three consecutive monthly injections of IVR and as required
thereafter; were evaluated. Best corrected visual acuity (BCVA) (log MAR), optical coherence tomography (OCT) features
[diameters of cyst and subretinal fluid, hyperreflective dots (HRDs)], and mf-ERG were evaluated at baseline, | month, and
6 months throughout the follow-up period. The correlation of mf-ERG values and OCT features, BCVA, and the duration
of disease were investigated.

Results: In the study group, the baseline Pl and NI amplitudes were significantly lower than the control group, and Pl
and NI implicit times were significantly higher in patients with DME than in the control group in all rings (All p<0.05) The
mean response density (Pl amplitude, nV/deg?) values increased over 6 months in rings I, 2, and 3 (p<0.001, p=0.003,
p=0.006). There was a negative correlation between the diameter of the cyst and the initial response density of P| (for
horizontal diameter: r=-0.658, p=0.03; for vertical diameter: r=-0.597, p=0.037; for the area of the cyst, r=—0.603,
p=0.021). There was a significant negative correlation between the subretinal fluid and HRD reduction and the response
density of Pl increase (all p<0.05). At baseline and 6 months, the correlation between BCVA and the Pl and NI amplitude
of the central ring was significant (for baseline P1: r=-0.649, p=0.01; for N1I: r=-0.575, p=0.02; for 6-month P1, r=-0.603,
p<0.001; for N1: r=-0.591, p=0.005).

Conclusion: The combination of OCT and mf-ERG can be used to evaluate the functional recovery in DME.
Keywords: Diabetic macular edema, multifocal electroretinogram, optical coherence tomography, ranibizumab

Introduction

Diabetic macular edema (DME) is one of the main causes of
low visual acuity in patients with diabetic retinopathy (DR)
(1). Intravitreal injection of bevacizumab (2, 3), ranibizumab
(4), and aflibercept (5) were recommended for the treat-
ment of DME, which often achieved a better visual acuity

gain. The anatomical healing could be monitored via opti-
cal coherence tomography (OCT) (6). However, despite the
anatomical success and decrease of macular edema, some
patients have a poor functional recovery.

Multifocal electroretinography (mf-ERG) allows us to as-
sess the retinal electrophysiological activity and present a
topographic map. It can record focal electroretinography re-
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sponses concurrently from different regions in the central
40° to 50° of the retina (7). It is practiced following the light
adaptation to reach an electrophysiological response from
the cones (8, 9). Previous studies have shown that mf-ERG
parameters were significantly altered in diabetic patients
without DR. Bearse et al. expressed a model based on the
mf-ERG replies to predict the progress of DR (10-13).

We assumed that mf-ERG combined with OCT might
be used to improve our knowledge of physiological mech-
anisms associated with the response to treatment by the
electrophysiological values of the macula. In this study, we
aimed to evaluate the alterations in mf-ERG values before
and after intravitreal ranibizumab (IVR) and investigate which
of the OCT features represented more functional recovery
in DME.

Methods

Type 2 DM patients with naive DME, who were diagnosed
with clinically significant macular edema, were included in
this study. This cross-sectional observational study was con-
ducted from January 2016 to October 2016. All of the eyes
had early DR (mild to moderate nonproliferative DR). Exclu-
sion criteria were corneal opacity, cataract, vitreous opacity,
macular ischemia or disruption of the foveal avascular zone
(FAZ) in fundus fluorescein angiography (FFA), irregularity of
EZ and ELM, vitreomacular traction, vitreous hemorrhage,
history of aged-related macular degeneration, retinal vascu-
lar occlusions, uveitis, and glaucoma. Demographic informa-
tion, disease duration, and treatment follow-ups were taken
from the individuals’ records. Best corrected visual acuity
(BCVA) was expressed as the logarithm of the minimum an-
gle of resolution (log MAR).

After three doses of monthly injections, IVR was re-
peated when there was a decrease of 5 letters in BCVA and/
or an increase over 100 pm in central macular thickness
(CMT) at OCT. The efficacy of the treatment was assessed
by comparing visual acuity and mf-ERG findings before and
after | month and 6 months of treatments. The correlation
between OCT findings and mf-ERG was investigated accord-
ing to the treatment response.

After ophthalmological examination, including BCVA,
slit-lamp biomicroscopy, and fundus examination (90D, Volk
lens, Nixon), the macula was examined using OCT (Spec-
tralis®, Heidelberg Engineering, Heidelberg, Germany). FFA
(Zeiss, Visucam 500, Germany) was performed to evaluate
the perfusion of the macula, the FAZ, or any neovasculariza-
tion before treatment.

We classified the type of DME as having diffuse, cystic,
or with serous retinal detachment as previously described
(14). The cyst was represented as round or oval-shaped hy-
poreflective areas separated by hyperreflective septa. In this

study, we used the largest cystoid space within 1000 pm of
the foveal center as representative of the most affected re-
gion. The horizontal and vertical diameters of the largest
cyst, the area of the cyst, and subretinal fluid height were
defined in the quantitative outcomes of the study. All mea-
surements were performed by the same researcher with a
manual caliper. The number of hyperreflective dots (HRDs)
was manually counted (I5).

mf-ERG was taped using RETI-scan (Roland Consult,
Wiesbaden, Germany). During recording, flat and 50 Hz fil-
ters were used. Using the concentric ring analysis, the aver-
ages of the Pl amplitude and Pl latency of the “first-order
kernel” wave in each ring were calculated. Retina areas of
the ring in order from the central to the periphery are as
follows: the first ring has an area of 0°-2.1°, the second ring
has an area of 1.4°-6.7°, the third ring has an area of 5.7°-
12.0° field. We obtained PI response density (nV/deg?), Pl
amplitude (uV), Pl implicit time (ms), NI amplitude (pV),
and NI implicit time (ms) values from central three rings.
The response density is the amplitude represented per unit
of the area measured in nanovolts per square degree (nV/
deg?). It quantifies the amplitude achieved in each ring, con-
sidering its size. Ring | (foveal region) has the highest cone
density, highest response density in healthy eyes, and lowest
eccentricity because the cone density is decreased by a sim-
ilar dimension. The implicit time is the time that leads to
reaching the maximum amplitude in the macula examined.
The mf-ERG records of the patients were compared with
age-matched healthy eyes (control group) and evaluated be-
fore, at | month, and 6 months after treatment.

SPSS v.14.01 for Windows software (SPSS, Chicago, IL)
was used. All values were presented as meantstandard
error of the mean. Variables that were quantitative in the
form of measurement were checked by the Shapiro—Wilk
test for the normality hypothesis. Differences between the
control group and the study group were examined using
the independent Student’s t-test. Repeated-measures anal-
ysis of variance and paired t-test were used to estimate the
differences among injections. Fischer’s exact test was used
in cases where the expected number of cells in the 2 x 2
contingency table was less than 5% of the total cells for
categorical data. Also, according to the change in the re-
sponse density of Pl for the mean of the rings, the general
linear modeling technique for repeated measurements was
used to examine the significance of the change in time for
the groups. For significant interaction terms, simple effects
analysis was performed with Bonferroni correction as post
hoc procedure. For continuous quantitative data, we used
Pearson’s parametric coefficient. P<0.05 was considered
statistically significant.
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Results

The baseline characteristics of the 30 eyes of 30 enrolled pa-
tients are shown in Table I. All patients had type 2 DM, non-
proliferative DR. None of the patients had macular ischemia
on FFA images, and all patients had intact FAZ. The mean
number of IVR was 4.6xl.1 (min—-max: 3—6). The duration
of diabetes mellitus ranged from 6 to 20 years. The mean

Table |. Demographic data of the patients in the study

Variable Value
Mean age, y+SD 60.37+10.34
Sex, n (F/M) 16/14
Mean duration of DM+SD 13.7+5.8
Treatment with insulin/only OAD 20/10
Mean HbAIcxSD 7.04x1.7
Systemic hypertension, n 17 (56.6%)
DR level, n

Mild 18 (60%)

Moderate 12 (40%)

DM: Diabetes mellitus; OAD: Oral antidiabetic; n: Number; SD: Standard
deviation; DR: Diabetic retinopathy.

systolic and diastolic blood pressure values were 134.4£11.7
and 82.318.7 mmHg, respectively.

In the study group, the baseline Pl and NI amplitudes
were significantly lower than the control group, and Pl and
NI implicit times were significantly higher in patients with
DME than control group in all rings (Table 2). There was
a negative correlation between the duration of disease and
baseline P amplitudes in ring | and ring 2 (ring I: r=-0.657,
p=0.04; ring 2: r=-0.565, p=0.05).

BCVA, CMT, and mf-ERG parameters in the study group
at specific time points are summarized in Table 3. The CMT
decreased from 455.03£16.06 pm to 328.5%£10.39 um,
and the mean BCVA score of the patients increased from
0.53+0.08 log MAR to 0.31+0.06 log MAR through 6 months
after IVR treatment (p<0.001, p<0.001). The mean response
density of the Pl waves in all rings significantly increased
through 6 months after IVR treatment. However, implicit
time did not change significantly (Table 3). We also observed
the healing by means of the trace array on topographical
maps of the mf-ERG (Fig. ). All changes in terms of BCVA,
CMT, Pl amplitude, and response density are shown in Fig-
ure 2 through the follow-up time. The correlation between
the reduction of CMT and the increase of Pl response den-
sity was not significant (r=0.022, p=0.908).

Table 2. Comparison of mean mf-Erg values between the patients with DME and control group at baseline

Baseline Control p®
Ring |
P1 Amp(Nv/deg?) 63.35+22.9 80.85+5.2 <0.001
PIAmp (pv) 0.995+0.37 1.391+0.05 <0.001
Plimplicit time (ms) 3851%3.6 32.71+0.47 <0.001
NITAmp (pv) 0.34+0.18 0.560.01 0.003
N1 implicit time (ms) 18.84+3.5 16.44+0.55 0.03
Ring 2
P1 Amp(Nv/deg?) 43.32+11.9 50.82+3.1 <0.001
PIAmp (pv) 1.004+0.3 1.324+0.07 <0.001
Pl implicit time (ms) 35.12+2.5 33.02+0.25 0.02
NITAmp (uv) 0.317+0.09 0.747+0.03 0.006
N1 implicit time (ms) 16.70£1.9 15.40+0.37 0.054
Ring 3
P1 Amp(Nv/deg?) 26.27+1.1 30.47+1.1 0.001
P1AmMp (pv) 0.882+0.21 1.101+0.04 0.051
Pl implicit time (ms) 34.14+2.5 31.84+0.47 0.031
NITAmp (uv) 0.301+0.09 0.383+0.03 0.041
N1 implicit time (ms) 16.66+1.8 16.06+0.34 0.147

mf-ERG: Multifocal electroretinogram; DME: Diabetic macular edema; amp: Amplitude.
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Table 3. Mean value changes after IVR treatment in patients with DME

Baseline | month 6 month pA
BCVA (log MAR) 0.53+0.08 0.45+0.5 0.31%0.06 <0.001
CMT (um) 455.03+16.06 388.4%15.09 328.5+10.39 <0.001
Horizontal diameter of the cyst (um) 312187 178+92 51%26 0.3
Vertical diameter of the cyst (um) 273+95 11274 48+35 0.204
Area of the cyst (mm?) 0.10+0.14 0.05+0.08 0.03+0.04 0.713
Subretinal fluid (um) 16.2+10.9 8.7+6.3 1.7£4.5 <0.001
HRD (number) 16+5.2 10.7£9.2 11.7£8.3 0.205
Ring |
Pl amp (nV/deg?) 63.35£22.9 68551225  74.89+29.5 <0.001
Pl amp (uV) 0.995+0.37 1.05+0.42 1.176+0.48 0.021
Pl implicit time (ms) 3851+3.6 37.51£35 37.19+£2.9 0.3
NI amp (uV) 0.34+0.18 0.36£0.11 0.39+0.2 0.204
N1 implicit time (ms) 18.84+3.5 18.44+3.5 18.63+3.2 0.713
Ring 2
Pl amp (nV/deg?) 43.32%11.9 45.82+12.2  47.66%15.5 0.003
Pl amp (uV) 1.004£0.3 1.024+0.3 1.082+0.41 0.185
Pl implicit time (ms) 35.12+2.5 35.02+2.2 344725 0.077
NI amp (uV) 0.317+0.09 0.347£0.12  0.352+0.13 0.094
N1 implicit time (ms) 16.70%1.9 16.40+0.36 16.00+0.40 0.077
Ring 3
Pl amp (nV/deg?) 26.27+1.1 27.47+1.1 27.94%1.3 0.006
Pl amp (uV) 0.882+0.21 0.901+0.24 0.92+0.28 0.254
Pl implicit time (ms) 34.14£2.5 33.84+2.7 33.81%2.2 0.187
NI amp (uV) 0.301+0.09 0.311£0.08  0.323+0.10 0.186
N1 implicit time (ms) 16.66x1.8 16.36x1.6 16.54x1.7 0.598

IVR: Intravitreal ranibizumab; DME: Diabetic macular edema; BCVA: Best corrected visual acuity; MAR: Minimum

angle of resolution; CMT: Central macular thickness; HRD: Hyperreflective dot; amp: Amplitude.

According to the presence of cysts on the OCT image, the
initial response density in patients without cystoid edema was
higher than the patients with cysts, but it was not statistically
significant (p=0.339). The mean response density increased
from 60.68+22.3 nV/deg? to 74.40+22.8 nV/deg? in patients
with cysts and from 69.60+24.4 nV/deg® to 76.04+19.2 nV/
deg? in patients with diffuse edema in the central ring, and
the differences were significant by the general linear modeling
technique for repeated measurements (p=0.002). There was a
negative correlation between the mean diameters of the cysts
and the initial mean response density of Pl (for horizontal
diameter: r=—0.658, p=0.03; for vertical diameter: r=-0.597,
p=0.037; for area of the cyst, r=—0.603, p=0.021).

The initial presence of subretinal fluid in the fovea corre-
lated with lower response density in the central ring (r=—0.68,

p=0.03). The mean response density increased from 65+24.3
nV/deg? to 75.94+30.9 nV/deg? in patients without subreti-
nal fluid and from 47.7+18 nV/deg’ to 68.3+25.9 nV/deg? in
patients with subretinal fluid in the central ring, and the dif-
ferences were the general linear modeling technique for re-
peated measurements (p=0.01). At 6 months, only | case had
subretinal fluid on OCT images, and in other cases, subretinal
fluid was resolved. There was a significant difference between
patients with subretinal fluid and patients without subretinal
fluid in terms of the mean response density at baseline and 6
months (baseline, p=0.001; 6 month, p=0.02).

According to the presence of HRDs on OCT images, the
initial response density in patients with HRDs was lower than
the patients without HRDs (p=0.03). Correlations between
differences in Pl response density and differences in OCT
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Figure |. (a) A patient’s electrophysiological values studied at baseline
and the alterations obtained at 6 months after IVR. The correlation
between ETDRS regions of the normal macula in OCT is shown on
the upper pictures and mf-ERG field map on the lower pictures. (b)
mf-ERG parameters of the same patient. The right picture shows the
baseline values and the left picture shows values at 6 months.The re-
sponse density of the P| wave in ring | was increased from 55.77 nV/
deg? to 77.48 nV/deg? after IVR treatment.

features are summarized in Table 4. There was a significant
correlation between subretinal fluid and HRD reduction and
the response density of Pl increase (Table 4).

At baseline, the correlation between the initial BCVA and
the Pl and NI amplitude was significant (for Pl: r=-0.649,
p=0.01; for NI: r=-0.575, p=0.02). The correlation between
BCVA and PI/NI implicit time in the central retina was not
significant (for P1: r=-0.07, p=0.335; for NI: r=—0.08, p=0.674).
At 6 months, the correlation between final BCVA and the Pl
and NI amplitude in ring | was significant (for Pl: r=—0.603,
p<0.001; for NI: r=-0.591, p=0.005). However, the correlation
between BCVA and PI/NI implicit time was not significant (for
P1: r=-0.224, p=0.235; for NI, r=—0.53, p=0.783) (Fig. 3).

Discussion

In this study, we observed that the response density of Pl
significantly increased over follow-up time in the first three
rings after the treatment. At the same time, we also found
that as HRDs and subretinal fluid decreased, the P| response
density increased. OCT is a very useful and frequently used
imaging method in showing the anatomical structure of
edema, but it is insufficient in evaluating the damage caused
by edema to cells. mf-ERG is an imaging method that through
concurrent stimulation of various areas of the retina, the
retinal function can be mapped in the macula (16).
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Figure 2. Change in the mean BCVA, CMT, Pl amplitude, and response density over time after IVR.
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Table 4. Correlations between differences in mean change P| response density and OCT features

Difference between r P
6 months and baseline
characteristics
(meantSD)
CMT (um) -126.53+86.7 0.022 0.908
Vertical diameter of the cyst (um) -152+18 -0.045 0.703
Horizontal diameter of the cyst (um) —-185+23 -0.124 0.344
Area of the cyst (um?) -0.07+0.02 0.017 0.402
Subretinal fluid (um) -14.57+£9.2 -0.848 0.0l16
HRDs (number) -4.213.8 -0.683 0.014

The differences were calculated by subtracting the baseline values from the é6*-month values. OCT: Optical

coherence tomography; CMT; Central macular thickness, SD; Standard deviation; HRDs: Hyperreflective dots.
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Figure 3. Scatter plot for the association at baseline and 6 months.

Our outcomes are consistent with the results of previous
studies on the correlation between the change of mf-ERG
values and visual acuity after IVR treatment. The response
density of Pl was significantly increased compared with
baseline, after IVR. Previous studies demonstrated the ef-
fect of intravitreal anti-VEGF treatments on mf-ERG in DME
and the increments of Pl amplitudes in the central ring with
IVR treatment (17—19). Similar to their results, a positive
correlation between visual acuity and the Pl amplitude was

reached at 6 months of the treatment in our study (16).
Furthermore, our study focused on structure outcomes of
OCT image (subretinal fluid and cyst diameters) and corre-
lations between mf-ERG parameters and BCVA.

Pl is estimated to be produced by Miiller and bipolar
cells, and N1 is produced by photoreceptors. Therefore, a
reduction in Pl amplitude essentially reveals functional injury
in the inner layer, and a reduction in N| amplitude reflects
damage in the outer layer of the retina (20—22). Our results
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revealed that the effect of macular edema in patients with
DM was especially linked to Pl and NI amplitudes on mf-
ERG. Similar to other studies, the outcomes revealed that
DME generates damage to the inner and outer layers of the
retina, but the inner damage was more prominent (19, 22).
The results showed that IVR both reduced macular edema
and helped improve inner retinal cell function.

Regarding the presence of cyst in DME, the response
density of Pl in cystoid type macular edema was lower com-
pared with diffuse edema (19). This may be because large
liquid vacuoles can have more destructive and interfering
effects on photoreceptors and bipolar cells. It has been pre-
sumed that large intraretinal cysts may cause more cone
dysfunction in a toxic and anatomical way. Although P| am-
plitude increased in both types of DME after IVR treatment,
the final response density of Pl was lower in cystoid DME
than diffuse (spongioform) type.

Macular edema with subretinal fluid initially showed a
worse prognosis with a limited increment in the response
density. Various pathways may be involved, for example, in-
flammatory molecules in subretinal fluid may affect the deliv-
ery of stimuli to photoreceptors, bipolar cells, and also block
their response to the electrodes. We observed significantly
lower P| amplitude in patients with subretinal fluid. In previ-
ous studies, a much greater dysfunction of both blood—reti-
nal barriers in the serous detachment type has been demon-
strated and the lower response density and amplitudes were
observed in DME with subretinal fluid (19, 23).

In our study, the presence of HRDs was linked to lower
baseline Pl response density, and HRD reduction was
correlated with the gain of Pl response density. Previous
studies have shown that in patients with DME, visual acu-
ity decreases as the number of HRDs and the amount of
subretinal fluid increase. With intravitreal anti-VEGF treat-
ments, the number of HRD and the amount of subretinal
fluid decrease, and visual acuity increases. The negative cor-
relation between these OCT markers and visual acuity has
also been demonstrated in previous studies (24, 25). Similar
to previous studies, we observed in our study that the de-
crease in the number of HRDs and subretinal fluid not only
increased visual acuity but also led to an improvement in mf-
ERG. These OCT markers can be a critical prognostic factor
in DME research. On the other hand, opposing views exist
in the literature suggesting that higher number of HRDs cor-
relate with better prognosis (26, 27).

Khojasteh et al. (28) showed that in DME, differences in
mf-ERG values in means of Pl and NI amplitudes have a sig-
nificant correlation with the structural OCT abnormalities in
the corresponding points of the thickness map and BCVA. We
found a significant relationship between the presence of cysts
and a lower central Pl amplitude similar to their results.

Holm et al. (29) reported that visual acuity increased af-
ter IVR, but there were no significant changes in terms of
mf-ERG values through follow-up time in DME. They also
found that implicit times significantly decreased after the
IVR. It is known that age and fasting blood glucose levels
may influence mf-ERG results (30). Therefore, we compared
outcomes with age-matched control group, and all patients’
fasting blood glucose levels were stationary between the
examinations in our study. The changeable results in mf-
ERG studies might be related to the inclusion of different
stages among the patients with DME. The before-mentioned
variations may be due to substantial differences in research
designs and study population, following different treatment
protocols, DM duration, and HbAlc levels.

This study was limited because of its retrospective na-
ture and lower sample sizes. The strength of the study is it
included a homogeneous sample of DM type 2 patients with
DME who have been observed with the mf-ERG and OCT
after treatment with ranibizumab.

In conclusion, the increment in BCVA and mf-ERG val-
ues and reduction in cyst diameters were observed through
6 months in our study. BCVA was correlated with Pl and
NI amplitude based on mf-ERG. The presence of HRDs and
subretinal fluid may be a critical prognostic factor for recov-
ery of visual acuity as an essential outcome in researches on
DME. It is essential to improve our knowledge of DME to
provide more detailed recommendations about treatment
and monitoring. The functional alterations in patients with
DME evaluated by mf-ERG can complement OCT findings.
Long-term investigations and larger sample sizes are required
for more reliable documentation.
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