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Purpose: To determine the effectiveness of intravitreal aflibercept (IVA) on the retinal
function in eyes with diabetic macular edema (DME).

Methods: Twenty-five eyes of 25 patientswithDMEwere treatedwith three consecutive
monthly IVA injections. The retinal sensitivities (RS) within the central 10° were deter-
mined bymicroperimetry (MP). The central subfieldmacular thickness (CMT) was deter-
mined by optical coherence tomography, and the implicit times (IT) and amplitudes
(Amp) of the flicker electroretinograms (ERGs) were determined from the ERGs elicited
and recorded by the RETeval. The number of microaneurysms (MAs) was counted in the
fundus photographs. The assessments were made before the IVA injections (pre-IVA)
and one week after the IVA injections (post-IVA). The correlations between the reduc-
tion ratio of the MA numbers/CMT and RS/IT/Amp were evaluated.

Results: Themean RS improved from 19.9± 5.9 dB to 22.0± 5.8dB, the CMT decreased
from 485.7 ± 90.6 μm to 376.9 ± 81.6 μm, and the number of MAs decreased from
49.6 ± 33.2 to 24.8 ± 18.1 after the IVA injection (all P < 0.01). The changes in the IT
from 31.3 ± 3.3 ms to 31.5 ± 3.1 ms and the Amp from 12.2 ± 5.5 μV to 11.3 ± 6.1μV
post-IVA were not significant. A significant correlation was found between the relative
changes in the CMT and RS (r = −0.43; P = 0.02), the MAs and RS (r = −0.38; P = 0.03).
No significant correlation was observed between the relative changes of the number of
MAs/CMT and IT/Amp.

Conclusions: IVA can improve both central retinal function and anatomical conforma-
tion.

Translational Relevance: A new aspect of aflibercept will be useful for DME treatment.

Introduction

Diabetic retinopathy (DR) is a common and specific
microvascular complication of diabetes and is a leading
cause of preventable blindness in working-age individ-
uals.1 DR is associated with various microvasculature
changes including the formation of microaneurysms
(MAs) which are the most characteristic feature of
DR.2,3 Diabetic macular edema (DME) is a major
complication of DR.4 The presence of MAs is impor-
tant because they are not only associatedwith the sever-
ity of the DR but also the cause of the DME. An

excessive leakage of plasma from the MAs results in
a thickening of the retina which then damages the
photoreceptors.5 Histopathologic studies have demon-
strated thatMAs are small outpouching of the capillar-
ies with focal endothelial cell proliferation,6 and the loss
of the barrier properties of the MAs cause the abnor-
mal leakage resulting in DME.5 The degree of such
leakages can be detected by fluorescein angiography
(FA), andMAs are identified as focal leakage points of
hyperfluorescence.

Vascular endothelial growth factor (VEGF) is
known to contribute to retinal ischemia and alter-
ations of the microvasculature that cause DR and

Copyright 2020 The Authors
tvst.arvojournals.org | ISSN: 2164-2591 1

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Downloaded from tvst.arvojournals.org on 05/06/2021

tr
an
sl
at
io
na
l 
vi
si
on
 s
ci
en
ce
 &
 te
ch
no
lo
 

t v s t  

mailto:sugmochi@clin.medic.mie-u.ac.jp
https://doi.org/10.1167/tvst.9.11.2
http://creativecommons.org/licenses/by-nc-nd/4.0/


Effects of IVA on Retinal Function of DME TVST | October 2020 | Vol. 9 | No. 11 | Article 2 | 2

DME. Pharmacologic therapies with anti-VEGF
agents directly target the main cause of the DME, and
they have become the first line treatment of DME.7,8
Anti-VEGF agents have other properties that improve
DR.

Mitchell et al. demonstrated a significant reduction
in the progression of DR in eyeswithDMEeyes treated
with aflibercept (Eylea, Regeneron Pharmaceuticals,
Tarrytown, NY, USA),9 and the DRCR.net protocol-
S also reported that anti-VEGF agents were effective
in treating proliferative diabetic retinopathy (PDR).10
We have also shown that consecutive monthly intravit-
real aflibercept (IVA) injections can reduce the number
of MAs and peripheral retinal ischemia.11 However,
it is not still clear whether such improvements in the
microvasculature will also affect the retinal function.

Microperimetry (MP) can be used to evaluate the
physiological status of the central retina subjectively
and quantitatively. MP measures the retinal sensitivity
(RS) of the macular region within 10° of the fovea,12
and it has been used to diagnose different types of
macular disorders and to evaluate the effectiveness of
different types of therapy.13–15 Although there have
been several studies that evaluated the central retinal
function of eyes with DME,16–18 none have evaluated
the relationship between the RS and improvements of
the DR.

Full-field electroretinography (ERG) can be used to
determine the physiological status of the entire retina,19
and it has been used to assess the status of the DR.20,21
It has been found that the implicit times (ITs) and
amplitudes (Amp) of the oscillatory potentials (OPs)
were affected from the early stages of DR.22,23 Other
studies have shown that the ITs of the photopic b-waves
and the 30-Hz flicker ERGs were strongly correlated
with the severity of the DR.24–27 However, there are
disadvantages of conventional full-field ERGs, includ-
ing the need to use a contact lens electrode, the long
time to collect the data, and a large space needed for the
pre-ERG dark-adaptation and recording. These disad-
vantages make it difficult for frequent examinations.
Thus conventional full-field ERG recordings have not
been used for screening a large population for DR and
other eye diseases.

A new, small full-field ERG recording system called
the RETeval system (RETeval; LKC Technologies,
Gaithersburg, MD, USA) has been developed. The
RETeval is a portable device that can record the flicker
ERGs easily and quickly. The total recording time
including the preparation is less than one minute. This
device uses a single skin adhesive-tape electrode that
can be attached to the lower eyelid without anesthe-
sia. Previously, we have compared the ERGs recorded
by the RETeval system with that recorded by the

conventional ERG system in normal volunteers. The
amplitudes of the ERGs recorded with the RETeval
were smaller because of the use of skin electrodes,
but the ITs were not significantly different from that
of the conventional ERG recording systems.28 Similar
findings have been reported for the ERGs recordedwith
skin andwith corneal contact lens electrodes.29 Thuswe
believe that the RETeval system is capable of assessing
the physiological status of the retina. Thus theRETeval
system has been used to evaluate the retinal function in
normal subjects and individuals suspected of having a
retinal disease.30–32 We have reported that the IT and
Amp of the flicker ERGs recorded by the RETeval
system differed according to the severity of the DR.33

Although it is well known that anti-VEGF agents
can improve the DME and DR, it has still not been
definitively determined whether they can also improve
the retinal function. Thus, the purpose of this study
was to determine whether IVA injections will improve
the retinal function both in the central retina and in
the entire retina of the eye with DME. To accomplish
this, we determined the central retina sensitivity byMP
and the entire retina function by full-field and focal
ERGs. We also evaluated the anatomical parameters
including central subfield macular thickness (CMT)
and the number of MAs to determine the status of the
microvascular system.

Patients and Methods

This prospective study was registered at http://www.
umin.ac.jp (No. UMIN 000018315). Its protocol was
approved by the Institutional Review Board of Mie
University Hospital (No. 2913), and the procedures
used conformed to the tenets of the Declaration of
Helsinki. Oral andwritten consents were obtained from
the patients after an explanation of the procedures to
be used and possible complications.

Demographics of Patients

The age, sex, level of creatinine, estimated glomeru-
lar filtration rate (eGFR), hemoglobin A1c (HbA1c),
systolic/diastolic blood pressure (BP), and severity
of the DR were determined at the baseline (pre-
IVA) and at one week after the third IVA injection
(post-IVA). All patients had a complete ophthalmo-
logic examination that included measurements of the
best-corrected visual acuity (BCVA), slit-lamp biomi-
croscopy, intraocular pressure measurements, indirect
ophthalmoscopy, CMT measurements by spectral
domain optical coherence tomography (SD-OCT),
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RS determined byMP, flicker ERG recordings with the
RETeval system, and FA.

The severity of the DR was classified into five
groups: no DR, mild non-proliferative DR (mild
NPDR),moderateNPDR, severeNPDR, and prolifer-
ative DR (PDR), according to the International Clini-
cal Diabetic Retinopathy Severity Scale (DRSS).34

Inclusion and Exclusion Criteria

All the patients were treatment naïve with anti-
VEGF agents. Patients who had been diagnosed with
DME and had received IVA without any additional
treatment during the observation period were studied.
The inclusion criteria were as follows: age >20 years,
type I or II diabetes, BCVA ≥20/320, DME involving
the fovea, and a CMT >300 μm measured as the mean
retinal thickness in the central 1 mm diameter circle by
SD-OCT.

The exclusion criteria were as follows: any retinal
photocoagulation treatment in the studied eye within
three months preceding the initial IVA, eyes with
an ischemic macular region involving the fovea, eyes
with vitreomacular traction, any history or presence
of other ocular diseases causing vision reduction
such as age-related macular degeneration and severe
PDR, optic nerve atrophy, glaucoma or intraocu-
lar pressure >24 mm Hg, prior vitreous surgery,
aphakia, anti-VEGF treatment of either eye within
three months preceding the initial IVA, cloudy optic
media including cataract through which high quality
fundus photographs or SD-OCT images could not be
obtained, history of cataract surgery in the studied
eye within the previous three months, history of
cerebrovascular accident, myocardial infarction or
other systemic disease requiring medications that
could affect the results, severe renal failure with
creatinine >2.0 mg/dl or >Stage IIb of nephropa-
thy defined by classification of diabetic nephropa-
thy, poorly controlled hypertension with systolic
BP >180 mmHg or diastolic BP >110 mmHg, poorly
controlled diabetes mellitus with HbA1c >12.0%, and
patients who were judged as ineligible for other reasons
by the investigators.

Microperimetry (MP)

The RS was measured by MP in a completely dark
room with the Macular Integrity Assessment device
(MAIA; Center Vue, Padova, Italy) after five minutes
of dark adaptation. The examination was performed
by the confocal-line scanning method under direct
funduscopic observation with a field of 36° × 36°
(resolution: 1024 × 1024 pixels) and 25 Hz of tracking

speed. The RS was determined with the 4-2 strategy,
and a target size of 0.43°, equivalent to Goldmann III,
a luminance of 0.25 to 1000 asb (0.08 to 318.3 cd/m2),
background luminance of 4 asb (1.27 cd/m2), range of
target luminance of 0 to 36 dB, and target presentation
time of 0.2 s. The follow-up RS measurements were
made at the same site using the high-speed eye tracking
software. The average of the RS thresholds obtained
at 37 points within the central 10° was defined as the
average RS threshold.

Full-Field Electroretinography (ERG)

Full-field flicker ERGs were recorded with the
RETeval system as described.35 After full mydria-
sis with topical 0.5% tropicamide and 0.5% phenyle-
phrine HCl, (Mydrin-P; Santen Pharmaceutical Co.,
Ltd., Osaka, Japan), the flicker ERGs were recorded.
A special skin electrode array (Sensor Strip; LKC
Technologies, Inc., Gaithersburg, MD, USA) was
placed 2 mm from the margin of the lower eyelid. This
electrode array contained an active, a reference, and a
ground electrode in a single adhesive tape. The electri-
cal potentials were DC-amplified and digitized with
a sampling rate of 2 kHz. The data resolution was
24 bits for 60.6 V, which is equal to approximately
0.07 μV. The Amp and IT of the fundamental compo-
nent were automatically measured and displayed by
the RETeval system using a special algorithm with
discrete Fourier transformation and cross-correlation
analysis.

Measurements of Best-Corrected Visual
Acuity (BCVA)

The decimal BCVA was measured with a Landolt
chart at every visit. The decimal BCVA was
converted to the logarithm of the minimum angle
of resolution (log MAR) units for the statistical
analyses.

Spectral Domain Optical Coherence
Tomography (SD-OCT)

SD-OCT examinations were performed with the
Spectralis OCT instrument (Heidelberg Engineering,
Heidelberg, Germany). The structural OCT minimum
acquisition protocol which included 19 horizontal
raster linear B-scans with each composed of nine
averaged OCT B-scans (1024 A-scans per line) cover-
ing an area of 30° × 30° was used. The CMT
in the central 1-mm diameter circle of the Early
Treatment Diabetic Retinopathy Study (ETDRS)

Downloaded from tvst.arvojournals.org on 05/06/2021

tr
an
sl
at
io
na
l 
vi
si
on
 s
ci
en
ce
 &
 te
ch
no
lo
 



Effects of IVA on Retinal Function of DME TVST | October 2020 | Vol. 9 | No. 11 | Article 2 | 4

thickness map was determined by the Spectralis
Software (Heidelberg Eye Explorer, version 1.9.11.0;
Heidelberg Engineering, Germany).

Intravitreal Injections

Each eye received 2 mg of IVA (40 mg/mL) under
topical anesthesia. The injections were made with a
30-gauge needle that was inserted 4mmposterior to the
corneal limbus after paracentesis under sterile condi-
tions. All patients received topical levofloxacin hydrate
(1.5% Cravit ophthalmic solution) for three days after
the injection. Each eye was treated with three consecu-
tive monthly IVA injections.

Fluorescein Angiography (FA)

FA was performed before the first IVA injection
(pre-IVA) and after 3 consecutive monthly IVA injec-
tions (post-IVA). FA was performed with the Heidel-
berg Spectralis HRA+OCT module with a standard
intravenous injection of 5 mL of 10% sodium fluores-
cein. The FA was performed before the initial IVA
injection and after the loading phase. Images were
obtained using the standard 35° field of view lens. One
or more images during the early arteriovenous phase at
45 to 60 seconds was selected from each angiographic
series. The images were transferred to the Adobe
Photoshop ES software (Adobe Systems Inc, San Jose,
CA, USA) or Image-J software (Image processing and
analysis in JAVA1.46r,Wayne Rasband, National Insti-
tutes of Health, Bethesda, MD, USA). Hyperfluores-
cence pooling caused by leakages was considered to be
a MA.

Counting Number of MAs

The number of MA in the central area were counted
as described.12 The outer ring of the ETDRS circle
of 6 mm centered on the fovea of the OCT thickness
map was marked with the Photoshop program. These
OCT images and the FA images obtained at the same
time were merged. The hyperfluorescent dots in the
area with retinal thickness >400 μm (color coded as
red or warmer) were identified and counted as leakage
points related to the DME. We compared the MA
numbers at the pre-IVA with that at the post-IVA. All
FA results were evaluated by three masked graders (AI,
MS and DM). One evaluator counted each image three
times, and the average value was used for the statistical
analyses.

Statistical Analyses

The results are presented as the means ± standard
deviations. Paired t-tests were used to determine the
significance of differences between two groups. To
evaluate the relative changes between the number of
MAs and the RS, IT, and Amp, we used d-values that
are expressed as a reduction rates from the baseline
values.

The d-values were defined as follow:

d − values (%) = (value post IVA

−value pre IVA)/value pre IVA

×(100).

Spearman’s rank-order correlation coefficients were
used to determine the significance of the correlations
among the variables. The strength of the correlations
(r-value) was classified as: 0.0 to 0.2 not correlated or
very weak; 0.2 to 0.4, weak or low; 0.4 to 0.7, moderate;
0.7 to 0.9, strong or high; and 0.9 to 1.0, very strong.
Theχ2 testingwas used to determine the significance of
the differences of the DRSS between the pre-IVA and
after post-IVA. The results were considered statistically
significant when P < 0.05.

Results

Thirty eyes of 30 patients met the inclusion and
exclusion criteria and were studied between September
2015 to March 2017 in the Department of Ophthal-
mology, Mie University Hospital. There were no
IVA-related ocular complications including intraoc-
ular pressure elevations, infections, or any adverse
systemic events. Five patients among the 30 patients
could not complete the entire injection protocol or the
entire examination schedule due to financial reason
(three patients) or difficulty in transportation to the
hospital (two patients).

Baseline Characteristics

In the end, 25 eyes of 25 DME patients consisting
of 14 men and 11 women were studied. Their mean
age was 64.0 ± 8.8 years. The average creatinine level
was 0.8 ± 0.5 mg/dL, the average eGFR was 74.0 ±
23.6 mL/min/1.73 m2, average hemoglobin was 14.0 ±
2.2 g/dL, and average HbA1c was 7.8% ± 1.3 %. The
average systolic BP was 145.8 ± 19.3 mm Hg, and the
average diastolic BP was 72.4 ± 13.0 mm Hg.
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Table 1. Demographics of Patients

BCVA (logMAR Units) CMT (μm) MA RS (dB) IT (ms) Amp (μV)

Pre-IVA 0.45 ± 0.35 485.7 ± 90.6 49.6 ± 33.2 19.9 ± 5.9 31.3 ± 3.3 12.2 ± 5.5
Post-IVA 0.40 ± 0.38* 376.9 ± 81.6** 24.8 ± 18.1** 22.0± 5.8** 31.5± 3.1 11.3 ± 6.1
P value 0.02 0.1 × 10−6 0.3 × 10−5 0.00007 0.40 0.33

Data are the means ± standard deviations. * P < 0.05, ** P < 0.01 (paired t-test).

Table 2. Diabetic Retinopathy Severity Scale

No DR Mild NPDR Moderate NPDR Severe NPDR PDR

Pre-IVA 0 0 12 13 0
Post-IVA 0 7 16 2 0

Ocular Examination Findings

The mean baseline BCVA was 0.45 ±
0.35 logMAR units, and the mean baseline CMT was
485.7 ± 90.6 μm. After the three consecutive monthly
IVA, the mean BCVA was significantly improved
to 0.40 ± 0.38 logMAR units (P = 0.02, paired
t-test, Table 1), and the mean CMT was signifi-
cantly reduced to 376.9 ± 81.6 μm (P = 0.1 × 10−6,
Table 1). The mean baseline number of MAwas 49.6±
33.2, and the mean number was significantly reduced
to 24.8 ± 18.1 in the post-IVA FA images (P = 0.3 ×
10−5, Table 1).

The RS improved significantly from 19.9 ± 5.9 dB
at the baseline to 22.0 ± 5.8 dB at the post-IVA exami-
nation (P = 0.00007, Table 1). The IT of the flicker
ERGs changed from 31.3 ± 3.3 ms at the pre-IVA
to 31.5 ± 3.1 ms (P = 0.40, Table 1) and the Amp
changed from 12.2 ± 5.5 μV at the baseline to 11.3 ±
6.1 μV at the post-IVA. This change was not significant
(P = 0.33, Table 1).

At the baseline, 12 eyes had moderate NPDR and
13 eyes had severe NPDR. After the IVA injec-
tions, 7 eyes had mild NPDR, 16 eyes had moder-
ate NPDR, and 2 eyes had severe NPDR. Thus, the
DRSS improved significantly (P = 0.002, Chi-square
test, Table 2).

Correlations Between d-Values of CMT and
d-Values of RS, IT and Amp of the ERGs
(Fig. 1)

A moderate significant correlation was found
between the d-values of the CMT and the d-values of
the RS (r = −0.43, P = 0.02; Spearman test, Fig. 1a).
No significant correlation was found between the d-
values of the CMT and the d-values of the IT (r= 0.27,

P = 0.20; Fig. 1b), the d-values of the CMT and the d-
values of the Amp (r = 0.03, P = 0.88, Fig. 1c).

Correlations Between d-Values of MA
Numbers and d-Values of the RS, IT and Amp
of the ERGs (Fig. 2)

A significant correlation was found between the
d-values of the MA and the d-values of the RS
(r = −0.38, P = 0.03; Spearman test, Fig. 2a). No
significant correlation was found between the d-values
of the MA numbers and the d-values of the IT of the
flicker ERGs (r = 0.11, P = 0.60; Fig. 2b), the d-values
of theMAnumbers and the d-values of the ERGAmps
(r = 0.05, P = 0.81, Fig. 2c).

Case Presentation (Fig. 3)

The findings of a 53-year-old man who had DME
with a CMT of 604 μm in his right eye are presented
in Figure 2. After three consecutive monthly IVA injec-
tions, the CMT was reduced to 465 μm. The RS
threshold before the treatment was 22.4 dB, which was
markedly improved to 25.4 dB after the IVA treatment.
The number of MAs evaluated by FA was also reduced
from 72.7 to 21.7. The IT was 27.0 ms, and the Amp
was 9.5 μV before the injections. And, after the series
of injections, these values did not change significantly
(27.4 ms for the IT and 10.7 μV for the Amp).

Discussion

Our results showed that three consecutive monthly
IVA injections improved the CMT and central RS
significantly, but it did not significantly improve the
IT and Amp of the full-field flicker ERGs. Although
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Figure 1. Correlation between the d-values of the central subfield macular thickness (�CMT), and the retinal sensitivity (�RS)/implicit
times (�IT) /amplitudes (�Amp). (a) Significant and moderate correlations were found between the d-values of the CMT (�CMT) and RS
(�RS) (r = −0.43, P = 0.02, Spearman test). No significant correlation was observed for (b) the �CMT and IT (�IT) (r = 0.27, P = 0.20) or (c)
�CMT and Amp (�Amp) (r = 0.03, P = 0.88).

the decimal BCVA improved significantly from 0.45 to
0.40, this change represented only an improvement of
identifying a fewmore letters on the visual acuity chart.
However, the central retinal sensitivity also improved
significantly which indicates functional improvement.
In addition, there was a significant reduction in the
number of MAs and CMT which indicates the DR
and DME improvement. These reductions were also
significantly correlated with the degree of the central
RS improvement. The strength of our study is that
we evaluated not only the anatomical improvements
(reduction in the number of MAs and the CMT) but
also the functional status (improvement of the RS) of
eyes with DME.

Our results confirm the results of earlier studies
that also reported improvements of the RS after anti-
VEGF treatments for eyes with DME.36,37 Similar to
MP, the multifocal ERGs (mfERGs) was also used
to evaluate the central retinal function, and previous
studies had reported that the mfERG findings demon-
strated a retinal dysfunction in eyes with DME.38,39
This dysfunction was significantly associated with the
anatomic changes of the outer retina layer as a result

of neuroretinal alterations.38 In addition, similar to
our result, several studies have shown that the intrav-
itreal injections of anti-VEGF agents can reduce not
only the CMT but the number of MAs in eyes with
DME.11,40,41 Previously, we had reported that the
CMT was significantly correlated with the number
of MAs both before and after anti-VEGF treat-
ments. A significant correlation was found between
the CRT and number of MAs at both the baseline
(r = 0.56) and after treatment (r = 0.53).11 The
reduction of the MAs was due to a direct effect
of anti-VEGF agents on the retinal vessels, viz., a
contraction or closure of the abnormal vessels, which
was manifested as an improvement of the DR.42,43
Our results showed that the correlation of d-values
between anatomic improvements (CMT improvement
and MA reduction), and the functional improvements
(RS improvement), which indicate the new aspect of
aflibercept.

Although we showed an improvement of the central
retinal function, we did not find any improvement
of the full-field ERG parameters which represents
function of the entire retina. In addition, we did
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Figure 2. Correlation between the d-values of the microaneurysm numbers (�MA), and the retinal sensitivity (�RS)/ implicit times
(�IT)/amplitudes (�Amp). (a) Significant correlations were found between the d-values of the MAs (�MA) and RS (�RS) (r = −0.38,
P = 0.03; Spearman test). No significant correlation was observed for (b) the �MA and IT (�IT), (r = 0.11, P = 0.60) or (c) the d-values of
the MA and Amp (�Amp) (r = 0.05, P = 0.81).

not find any correlation between the d-values of the
CMT or MA and d-values of the ERG components.
Other study also reported no ERG changes over 48
weeks after ranibizumab injections for DME.36 In
contrast, there are some studies that reported improve-
ments of the full-field ERGs after anti-VEGF treat-
ment for DME. Holm et al. reported that the IT of
the conventional 30 Hz full-field flicker ERGs was
significantly shortened at 4 weeks after a ranibizumab
injection for DME.43 Terauchi et al.44 reported
that the IT of the full-field flicker ERGs recorded
with the RETeval system was significantly shortened
after the intravitreal anti-VEGF injections for various
macular disease including DME although this was
the result of a single injection and a short follow-
up period. Yasuda et al.45 reported improvements
of the full-field ERG components after ranibizumab
injection for the macular edema associated with a
central retina vein occlusion (CRVO-ME) using the
RETeval system. They concluded that ranibizumab
can improve retinal function in eyes with CRVO-ME.
But the ERG changes in eyes with DME are differ-
ent from that of CRVO-ME because the ERG changes
reflect damage of the entire retina from the chronic
ischemia. On the other hand, the retinal damages in

eyes with CRVO-ME are the result of acute ischemia.
The retinal damages of DR are associated with various
complicated process, which results in retinal ischemia
or fluid accumulation at the macula.46 In fact, the
severity of DR has been reported to be correlated
with the full-field ERG parameters.33 Thus there is a
possibility that the entire retinal function was already
damaged in DME for a long period, and its improve-
ment may be slight even with the anti-VEGF treat-
ment. The DRCR.net protocol-S study compared the
visual field changes between a panretinal photocoagu-
lation group and a ranibizumab treatment group. They
reported there still remained mean peripheral visual
field sensitivity loss in eyes treated with ranibizumab
for five years. Because the ischemic mechanism of
DR is complicated, it is still difficult to conclude
whether anti-VEGF agents can improve the whole
retinal function. We need more evaluations for this
problem.

There are several limitations in this study. The
main limitation was the small sample size and the
short-term follow-up. Thus the interpretation of data
should be made carefully. In addition, we did not
evaluate the effect of other anti-VEGF agents includ-
ing ranibizumab. A larger sample size and longer
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Figure 3. Findings in a 53-year-oldmanwho hadDMEwith a CMT of 604 μm in his right eye. Before treatment, the CMTwas 604 μm (a), the
RS threshold was 22.4 dB (b), and the fluorescein angiogram showMA represented as high-intensity signals (c). Circles indicate same area in
(a) to (c). Flicker ERG components determined from the ERGs recordedwith the RETeval system and the IT was 27.0 ms, and the Ampwas 9.5
μV (d). After three consecutive monthly injections of aflibercept, a resolution of the DME was obtained with the CMT reduced to 465 μm (e),
and the RS improved to 25.4 dB (f ). FA shows a reduction in the number of MAs (g). Dot circles indicate the same area in (e) to (g). Flicker ERG
parameters were not changed significantly after the IVA injections (IT of 27.4 ms and Amp of 10.7 μV).

follow-up studies are needed to establish the benefit
of anti-VEGF treatments. Second, only the funda-
mental component of the flicker ERG was analyzed,
which is displayed automatically by the RETeval
system. We need modifications to compare the
fundamental component and raw waveform for a
more effective analysis of the ERGs. Third, as shown
in Figure 3, it appears that the improvement of the
RS was most apparent in the nasal retina where the
reduction in MAs was greatest. So, there may exist
a spatial difference in the improvements of the RS.
And finally, only the flicker ERG was evaluated, and
scotopic ERGs were not recorded. This is because the
repeated scotopic ERG recordings require at least 20
minutes of dark adaptation, which would be a burden
on the patient. Further studies evaluating both the
scotopic and photopic ERGs would be more informa-
tive. In spite of these limitations, we believe that the
results are is clinically important in that we could show
the influence of the aflibercept on the central retina
function consisted with CMT/MA regression and DR
improvement.

Conclusions

In conclusion, our results showed that aflibercept
can improve not only the DR as determined by the

reduction in the CMT and the number of MAs but also
the central retina function in eyes with DME. This is a
new aspect of aflibercept in that it can improve both the
anatomic conformation and central retinal function.
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