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ABSTRACT
Purpose: To evaluate changes in cone functions using light-adapted (LA) 30Hz flicker and LA 3.0
electroretinography (ERG) in intravitreal ranibizumab (IVR)-treated naïve neovascular age-related
macular degeneration (nAMD) patients.
Materials and methods: This retrospective interventional study reviewed the medical records of
32 nAMD patients (32 eyes) who received monthly IVR between January 2019 and January 2021.
A comprehensive ophthalmic examination, including best-corrected visual acuity (BCVA) testing
and slit-lamp biomicroscopy, was performed as part of their clinical care, followed by LA 30Hz
flicker and LA 3.0 ERGs, optical coherence tomography, and fundus fluorescein angiography. All
measurements were taken before IVR (baseline), as well as at months 6 and 12 later. Treatment
was resumed for up to 12months if recurrence occurred.
Results: Compared to baseline, visual acuity improved significantly at months 6 and 12, respect-
ively, coinciding with a significant decrease in central macular thickness (p< 0.05 for all). LA 30Hz
flicker ERG b-wave amplitude decreased significantly between baseline and months 6 and 12,
respectively (p< 0.05 for both). There were no significant changes in LA 3.0 ERG a- and b-wave
amplitudes between baseline and month 6 (p> 0.05 for both), but a significant decrease existed
between baseline and month 12 (p< 0.05 for both). While LA 3.0 ERG a-wave implicit time
increased significantly (p< 0.05 for both) between baseline and months 6 and 12, respectively, b-
wave implicit time did not (p> 0.05 for both). Also, LA 30Hz flicker ERG b-wave implicit times did
not differ significantly between baseline and months 6 and 12, respectively (p> 0.05, for both).
Conclusions: IVR was associated with long-term electrophysiological changes in cone functions, as
measured by LA 30Hz flicker and LA 3.0 ERGs.
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Introduction

Choroidal neovascular membranes (CNVM) are new, dam-
aging blood vessels that grow and breach the retinochoroidal
barrier, causing painless vision loss and blank spots in cen-
tral vision once they leak. Vision may also be distorted, with
lines appearing bent, crooked, or irregular. Choroidal neo-
vascular membranes are most common in people over 50,
with the risk increasing with age, and they are frequently
associated with a variety of serious ocular diseases, most
notably neovascular age-related macular degeneration
(nAMD), one of the leading causes of severe, irreversible
visual impairment in developed countries.1–3 Depending on
the underlying disease, anti-VEGF drugs, thermal laser ther-
apy, or photodynamic therapy may be used to treat CNVM.

Vascular endothelial growth factor-A (VEGF-A) is a pri-
mary mitogenic factor implicated in pathological neovascular
ocular disorders such as AMD due to its involvement in ret-
inal physiology and retinal vascular disorders.4 All biologically
active VEGF-A isoforms are inhibited by anti-VEGF-A

monoclonal antibodies. This may explain why anti-VEGF
therapy has proven to be so effective in the treatment of
nAMD-related CNVM.5 Intravitreal therapies, which involve
delivering medications directly to the retina and choroid, have
been used to treat a wide range of ocular diseases. Since the
FDA approved pegaptanib, an anti-VEGF aptamer, in 2004,
the clinical use of intravitreal therapies has grown. Several
anti-VEGF agents, in particular, have been used in the treat-
ment of nAMD.6 Ranibizumab, a recombinant, humanized
monoclonal anti-VEGF-A antibody with antigen-binding frag-
ment (Fab), has been shown to significantly improve central
vision in AMD patients.7,8 Further, evidences from clinical tri-
als indicate that multiple intravitreal ranibizumab (IVR) injec-
tions are required to maintain visual improvement.9

Full-field electroretinography (ERG) is a technique that
objectively reflects a generalized cone system function from
the whole retina under standard conditions with varying
flash light intensities produced by a Ganzfeld (“full field”)
stimulator.10 Around 6 million cone cells are found in the
human retina. High spatial acuity is achieved due to the
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high density of cones (with low convergence) in the fovea.
Furthermore, the presence of three cone types in the human
retina that have different peak spectral sensitivities allows
for a diverse range of color perceptions.11 The primary goal
of intravitreal anti-VEGFs in nAMD is to treat CNVM in
the macula. These agents may, however, have an impact on
the function of macular cone cells. While animal and clinical
studies have shown that IVR has no effect on retinal func-
tion as measured by ERGs,12,13 other studies have shown
that repeated intravitreal anti-VEGFs may be toxic to the
retina.5,7–9 In addition to systemic complications,14 intravi-
treal therapy has also been linked to severe ocular adverse
effects.15 All these findings point to anti-VEGFs having both
local and systemic toxicity, which warrants further investiga-
tion. However, the long-term effects of anti-VEGFs, particu-
larly on retinal electrophysiological functions in nAMD,
have received little attention.

Thus, the current study, which we believe is the first of its
kind, aimed to evaluate long-term electrophysiological
changes in cone functions as measured by light-adapted (LA)
30Hz flicker and LA 3.0 ERGs in treatment-naïve patients
with nAMD-related CNVM who received IVR therapy.

Materials and methods

Study design and patient selection

This single-centered retrospective interventional study abided
by the ethical standards of the Helsinki Declaration and
obtained full approval from the Institutional Review Boards
of the Batman Training and Research Hospital Ethics
Committee (Approval ID: 2021-284). This included a review
of patient medical records from the hospital database between
January 2019 and January 2021. Initially, the medical records
of 40 treatment-naive nAMD patients were retrieved and
reviewed retrospectively; however, only the records of 32
patients who met the inclusion criteria for the study were
deemed eligible for analysis. Patients who had previously
received other intravitreal anti-VEGFs, thermal laser therapy,
and/or photodynamic therapy were not studied.

Ophthalmic examination

All patients underwent a comprehensive ophthalmic examin-
ation, which included best-corrected visual acuity (BCVA) test-
ing in logarithm of the minimum angle of resolution
(logMAR), as well as anterior and posterior slit-lamp biomicro-
scopy before and after pupil dilation with tropicamide 1% and
phenylephrine 10%. LA 30Hz flicker and LA 3.0 ERGs
(Metrovision Ophthalmic Device, France) were then performed
with a dilated pupil, followed by optical coherence tomography
(OCT, Heidelberg Engineering Inc, Heidelberg, Germany), and
fundus fluorescein angiography (FFA) with confocal scanning
laser ophthalmoscopy (HRA-2, Heidelberg Engineering Inc,
Heidelberg, Germany). Measurements were taken before IVR
therapy (baseline) and at monthly follow-up visits; however,
only data obtained from medical records at baseline, as well as
months 6 and 12, were analyzed.

Anti-VEGF therapy and follow-up regimen

The "loading phase" involved IVR therapy to all patients on a
monthly basis for three months. The same procedure was fol-
lowed for all patients under topical anesthesia with 4% lido-
caine. An experienced ophthalmologist injected ranibizumab
at a dose of 0.5mg/0.05ml intravitreally 3.5mm posterior to
the superior temporal limbus using a 30-gauge needle in a
standardized manner at the operating room. Before inserting
a sterile lid speculum, the conjunctival sac was cleaned with
10% povidone-iodine and 0.05% chlorhexidine gluconate.
This was followed by topical antibiotic drops (levofloxacin,
5mg/ml) and, finally, intravitreal injection via the pars plana.
The eye was patched with a sterile eyepatch after antibiotic
eye drops (5mg/ml levofloxacin) were applied.

Monthly intravitreal injections were administered until vis-
ual stability (a one Snellen line improvement in BCVA com-
pared to baseline) and anatomical stability (as determined by
OCT for CMT and intra-or sub-retinal fluids, and FFA for
any CNVM-related leakage) were achieved, at which point
treatment was discontinued based on a careful collective deci-
sion of the study authors. If there was a recurrence, which
was indicated by a loss of more than one Snellen line in the
BCVA test, as well as recurring or persistent intra- or sub-ret-
inal fluid involving fovea on OCT and CNVM-related new
retinal hemorrhages and leakage on FFA, treatment was
resumed and continued for up to 12months.

Full-Field electroretinography

All ERG shots were taken by the same technician using the
same device. The recordings were performed in accordance
with International Society for Clinical Electrophysiology of
Vision standards [ISCEV-(2022 update)]16 using the
Ganzfeld (“full field”) stimulator (Visual-Evoked Response
Imaging System). Responses were obtained with a 10K
external gain and a bandwidth at 1 and 1000Hz. Isolated
cone responses were recorded after 10min of light adapta-
tion in the Ganzfeld with a standard light-adaption back-
ground of 30 candelas per meter squared (cd.m�2). The LA
30Hz flicker ERG was then acquired at a stimulus strength
of 2.51 candela-second per meter squared (cd.s.m�2) and a
single LA 3.0 ERG at a stimulus strength of 2.58 cd.s.m�2.
The LA 3.0 ERG a- and b-wave amplitudes, as well as impli-
cit times calculated by averaging five 10-second interval
flashes, were recorded for analysis, as were the LA 30Hz
flicker ERG b-wave amplitude and implicit time.

Data analysis

Statistical analysis was carried out using the IBM SPSS
Statistics software for Windows, version 18 (SPSS, Inc,
Chicago, IL, USA). The data was analyzed using frequency
and descriptive statistical tests. The statistical validity was
confirmed using Mauchly’s sphericity test and Kolmogorov-
Smirnov analyses. The repeated measures were compared
using a general linear model with Bonferroni correction.
Statistical significance was defined as a p value less than 0.05.
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Results

The current study evaluated data of the remaining 32 eyes
of 32 treatment-naïve nAMD patients at baseline, as well as
at months 6 and 12 after IVR therapy. No patients had IVR
in both eyes during the same study duration. There were 19
males and 13 females among the patients, with an average
age of 73.6 ± 8.05 years (range: 52–85). Occult, predomin-
antly classic, and minimally classic CNVMs were found in
59.3%, 21.8%, and 18.7% of the patients, respectively. The
majority of the accompanying drusen types were soft drusen
(46.9%). Mean number of injections was 8.3 ± 1.75. Table 1

summarizes the demographics and ocular characteristics of
the patients.

Visual and anatomical outcomes

Compared to baseline, logMAR BCVAs improved significantly
at months 6 and 12, respectively (p< 0.001, for both), which
coincided with a significant decrease in central macular thick-
ness (CMT) (p¼ 0.004 and <0.001, respectively) (Table 2).

Electroretinography findings

Compared to baseline, there were significant decreases in
LA 30Hz flicker ERG b-wave amplitude at months 6 and 12
after IVR, respectively (p< 0.05 for both). LA 3.0 ERG a-
and b-wave amplitudes increased non-significantly at month
6 compared to baseline (p¼ 0.956 and 0.156, respectively).
However, there were significant decreases in both a- and b-
wave amplitudes at month 12 compared to baseline
(p¼ 0.002 and 0.036, respectively) (Figure 1).

There were no significant changes in LA 30Hz flicker ERG
b-wave implicit times between baseline and months 6 and 12,
respectively (p> 0.05, for both). LA 3.0 ERG a-wave implicit
time increased significantly between baseline and months 6
(p< 0.001) and 12 (p¼ 0.002), respectively. However,

Table 1. Demographics and ocular characteristics of treatment-naïve patients
with nAMD-related CNVM who received IVR (n¼ 32).

Parameters Number of patients (eyes)

Laterality Right eye 19
Left eye 13

Lens status Phakic 21
Pseudophakic 11

Type of nAMD Occult CNVM 19
Predominantly classic CNVM 7
Minimal classic CNVM 6

Drusen types (majority) Reticular 7
Soft 15
Hard 10

nAMD: Neovascular age-related macular degeneration; IVR: Intravitreal ranibi-
zumab; CNVM: Choroidal neovascular membrane; n: Number of patients.

Table 2. Visual and anatomical outcomes of treatment-naïve patients with nAMD-related CNVM who received IVR (n¼ 32).

Parameters

Duration (mean ± SD) p Value

Baseline Month 6 Month 12 Baseline-Month 6 Baseline-Month 12

logMAR BCVA 0.63 ± 0.28 0.38 ± 0.33 0.39 ± 0.20 <0.001 <0.001
CMT (lm) 402 ± 101 330 ± 80 325 ± 85 0.004 <0.001

IVR: Intravitreal ranibizumab; nAMD: Neovascular age-related macular degeneration; CNVM: Choroidal neovascular membrane; BCVA: Best-cor-
rected visual acuity; logMAR: Logarithm of the Minimum Angle of Resolution; CMT: Central macular thickness; SD: Standard deviation; lm:
Micrometer; n: Number of patients.

Figure 1. Amplitude variations (in microvolts) in light-adapted 30 Hz flicker electroretinography b-wave (blue boxes), as well as light-adapted 3.0 electroretinogra-
phy a- and b-waves (green and yellow boxes, respectively) of treatment-naïve patients with nAMD-related CNVM who received IVR during the study.
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compared to baseline, there were no significant changes in LA
3.0ERG b-wave implicit time at months 6 (p¼ 0.571) and 12
(p¼ 0.451), respectively (Table 3, Figure 2).

Discussion

ERG is a valuable tool for neuro-retinal integrity and func-
tion assessment. In the current study, changes in cone elec-
trophysiological functions in LA 30Hz flicker and LA 3.0
ERGs were retrospectively evaluated in treatment-naïve
nAMD patients receiving an average of 8.3, 0.50mg IVR
injections over a 12-month period. IVR therapy resulted in
a significantly improved logMAR BCVA, which corre-
sponded to a significant decrease in CMT. This could be
due, in part, to the fact that the current study was

conducted on patients with naïve nAMD who had never
received laser therapy, and thus had no prior retinal ultra-
structural damage.

Meanwhile, varying results of ERG amplitude and impli-
cit time were revealed during the study. Compared to base-
line, LA 30Hz flicker ERG b-wave amplitudes decreased
significantly at months 6 and 12, respectively. LA 3.0 ERG a-
and b-wave amplitudes increased non-significantly at month
6 when compared to baseline. These amplitudes, however,
were significantly lower at month 12 when compared to
baseline. Moreover, only changes in LA 3.0 ERG a-wave
implicit time reached statistical significance at months 6 and
12, respectively, when compared to baseline. Nonetheless,
there was a general trend for implicit times in both ERGs to
increase, albeit non-significantly, between baseline and

Table 3. Changes in LA 30 Hz flicker and LA 3.0 ERGs of treatment-naïve patients with nAMD-related CNVM who received
IVR (n¼ 32).

Amplitude (lV) (mean ± SD) p Value

Baseline Month 6 Month 12 Baseline-Month 6 Baseline-Month 12

LA 30 Hz flicker ERG
b-wave 25.67 ± 7.58 21.70 ± 6.07 21.56 ± 5.51 0.031 0.015

LA 3.0 ERG
a-wave 5.71 ± 3.07 6.05 ± 2.05 4.08 ± 1.86 0.956 0.002
b-wave 5.02 ± 2.53 6.02 ± 1.77 3.98 ± 1.00 0.156 0.036

Implicit time (ms) (mean ± SD) p value

Baseline Month 6 Month 12 Baseline-Month 6 Baseline-Month 12

LA 30 Hz flicker ERG
b-wave 40.97 ± 2.95 41.75 ± 3.12 41.30 ± 2.69 0.565 0.580

LA 3.0 ERG
a-wave 20.22 ± 4.11 24.22 ± 2.75 23.44 ± 3.30 <0.001 0.002
b-wave 38.83 ± 4.21 39.50 ± 2.97 39.82 ± 3.50 0.571 0.451

nAMD: Neovascular age-related macular degeneration; CNVM: Choroidal neovascular membrane; IVR: Intravitreal ranibizumab; LA:
Light-adapted; ERG: Electroretinography; lV: Microvolt; ms: Millisecond; Hz: Hertz; n: Number of patients; SD: Standard deviation.

Figure 2. Implicit time variations (in milliseconds) in light-adapted 30 Hz flicker electroretinography b-wave (blue boxes), as well as the light-adapted 3.0 electroreti-
nography a- and b-waves (green and yellow boxes, respectively) of treatment-naïve patients with nAMD-related CNVM who received IVR during the study.
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month 6, only to decrease non-significantly between baseline
and month 12. These results could reflect a varying degree
of IVR suppressive effect on cone electrophysiological func-
tions, particularly over time.

Ultimately, even though CMT decreased during the
course of the study, both ERGs showed a trend with varying
changes in amplitude and implicit times. Of note, CMT was
only studied quantitatively in the current study, not mor-
phologically. It decreased most significantly during the first
6months, with only minor reductions observed at month
12. Photoreceptor degeneration can be confused with an
abnormally thicker central macula.17 Consequently, the sub-
sequent IVR therapy could have treated dry AMD rather
than nAMD. This could explain the reduced amplitude and
varying implicit time elongation. It is important to remem-
ber that, while logMAR BCVA increased dramatically at
month 6, this increase was only marginally visible at month
12, indicating that ERG changes occurred during the course
of the study. This appears to be noteworthy in light of the
ever-increasing medical use of anti-VEGFs in patients with
CNVM-related diseases.

Based on the literature, IVR is associated with improve-
ments in BCVA and decreases in CMT, which is consistent
with the current study. Despite this, there is no clear rela-
tionship between BCVA or CMT and ERG results.12 The
variable ERG responses in the study could be explained by
the possibility of posterior pole geographic atrophy, which
has been identified as a negative effect of anti-VEGF treat-
ment for AMD.18 As a result, learning more about nAMD is
critical in order to make more informed decisions about
when to initiate and discontinue treatment. In this situation,
ERG may be a rational and reasonable way to proceed with
this task.

In one randomized study of 48 rabbits, ERG evaluation
of retinal function 8–9weeks after intravitreal injection of
bevacizumab [1.25mg (0.05ml, 25mg/ml)], ranibizumab
[0.5mg (0.05ml,10mg/ml)], pegaptanib [0.3mg (0.09ml)],
or a balanced saline solution (BSS, 0.05ml) revealed that
anti-VEGFs were associated with lower amplitudes of the
dark adapted b-wave rod-mediated response to dim light
compared to BSS. Aside from an unchanged a-wave ampli-
tude in a single LA 3.0 ERG, no significant changes in com-
bined responses, a-b wave amplitudes, or LA 30Hz flicker
b-wave amplitudes were observed.19 An ex vivo model in
which 0.2mg/ml ranibizumab was administered to isolated
bovine retinas revealed non-significant a- and b-wave ampli-
tude reductions of 4% and 22.32%, respectively, in dark
adapted rod responses. Unlike the above study, this model
demonstrated the efficacy of the administered ranibizumab
concentration by simply demonstrating stability of the ERG-
amplitudes, excluding substantial neuro-retinal dysfunction
after up to 1mg IVR.13 High-dose intravitreal anti-VEGFs
are thought to affect photoreceptor-mediated retinal func-
tion as early as two months after administration, highlight-
ing the importance of comprehending drug action and
planning in new areas such as retinopathy of prematurity,
where vitreous volume is markedly smaller than in the
adult eye.19

Despite the lack of rod response assessment in the cur-
rent study, which included more than half of the patients
who were phakic with soft drusen predominance (46.9%),
LA 30Hz flicker ERG b-wave amplitudes were significantly
lower at months 6 and 12 after 0.5mg/0.05ml IVR, findings
that differed from prior short-term animal studies13,19 with
LA 3.0 cone ERGs. The ERG changes directly and exclu-
sively demonstrated long-term IVR toxic effects on electro-
physiological functions, with a reduced b-wave denoting
definite neuronal dysfunction of the retina.

Changes in LA 30Hz flicker ERG have been reported in
other retinal diseases. There has been evidence of a link
between retinal ischemia and LA 30Hz flicker implicit time
increment in central retinal vein occlusion,20 as well as a
propensity for shorter LA 30Hz flicker implicit time after
retinal detachment surgery.21 These findings may imply that
LA 30Hz flicker implicit time increment signifies impaired
cone function of the entire retina, possibly due to ischemia
or a detached retina.

Other relatively short-term contradictory reports of sig-
nificant reductions in implicit times in LA 30Hz flicker
ERG amplitudes in central retinal vein occlusion22 and dia-
betic macular edema23 one and two months, respectively,
after IVR have been published. Further, despite a signifi-
cantly improved cone flicker ERG implicit time at month 6
in one study of intravitreal bevacizumab-treated AMD
patients, others reported no indications of changes in cone
functions with IVR in diabetic patients after about a year.
Furthermore, the retinal function evaluation before and
immediately after IVR or intravitreal aflibercept in 79
patients with various diseases, including AMD (n¼ 37), dia-
betic macular edema (n¼ 24), and retinal vein occlusion-
related macular edema (n¼ 18), revealed no significant
change in LA 30Hz flicker ERG amplitude in nAMD
patients 24 h after IVR, while implicit time was significantly
increased.15 This study is similar to the current study in
terms of IVR application in nAMD; however, it differs in
terms of short-term duration and the absence of
LA 3.0 ERG.

In another photopic negative response ERG study that
examined the IVR safety on retinal ganglion cell function in
32 eyes of 32 AMD patients, no significant changes in the
amplitude and implicit time of the red full field cone ERG
responses were observed one year after IVR.4 The current
study procedure and design were comparable to those
described above. Nonetheless, the current study evaluated
cone electrophysiological functions in LA 30Hz flicker and
LA 3.0 ERGs, revealed significantly reduced cone functions
after IVR over a 12-month period. The previous explanation
for the suppression of cone electrophysiological functions in
IVR-treated naïve nAMD patients, combined with increased
implicit time, could possibly indicate impaired cone function
of the entire retina as a result of potential ranibizumab tox-
icity. Aside from a potential ultrastructural toxic effect of
ranibizumab via apoptosis in the retinal photoreceptors,
there could also be temporary choriocapillaris damage12 as a
result of RPE-secreted VEGF blockade,24,25 which is
required for choriocapillaris development and maintenance.
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Additionally, the current study findings could also be
explained by the macular ultrastructural anatomy, which has
an increased amount of cones in the foveal centralis, and
the fact that the macula only accounts for about 10% of the
global retinal cone photoreceptors. In this context, when
evaluating retinal electrophysiological function, the patho-
genesis of retinal diseases, i.e. vascular versus degenerative,
and the disease’s natural course, characterized by progressive
loss of these retinal photoreceptors, must also be taken into
account, not to mention the lack of a control group, as we
are unaware of natural electrophysiological changes.

Furthermore, long-term changes in cone electrophysio-
logical functions were evaluated in the current study, which
included the majority of patients with occult CNVM, to
determine the efficacy of IVR on treatment-naïve nAMD
patients aged 73.6 ± 8.05 years on average. When compared
to baseline, LA 30Hz flicker ERG b-wave implicit time
increased slightly at month 6, but then decreased with no
significant differences at month 12. While LA 3.0 ERG a-
wave implicit time increased significantly after IVR, there
was no significant change in b-wave implicit time.
Variations in implicit times over the course of the study
could be attributed to reversible ultrastructural changes in
choriocapillaris after therapy.26

Long-term use of anti-VEGFs, as in the current study,
may however result in permanent choriocapillaris damage,
contrary to past studies.4,12 The retinal pigment epithelium
(RPE) atrophy in CNVM-related retinal diseases is preceded
by choriocapillaris damage.26–28 The current study findings
support prior reports that choriocapillaris regeneration is
reduced when anti-VEGFs block RPE-secreted VEGFs.27,29

The RPE functions deteriorate with decreasing regeneration
as long as choriocapillaris damage persists. This impairs
photoreceptor viability and the removal of cellular debris.30

The loss of these photoreceptor functions is reflected in full-
field cone ERG waves.

Inhibiting VEGFs alone can halt CNVM progression,
resulting in anatomical improvement.6 But the RPE secretes
a slew of other growth factors in addition to VEGFs.30

Therefore, inhibiting VEGFs alone, without affecting other
growth factors, prolongs the inflammatory process, albeit
slowly, decreasing RPE functions and, as a result, photo-
receptor functions. Since anti-VEGFs do not inhibit the
effects of other pro-inflammatory mediators, the RPE may
be compromised, resulting in reduced photoreceptor func-
tions, as observed in the current study. Long-acting drugs
targeting multiple growth factors may reduce the need for
frequent injections while also protecting choriocapillaris,
RPE, and photoreceptor functions. Furthermore, using ERG
to monitor nAMD patients receiving anti-VEGFs may pro-
vide clinical data about photoreceptor functions, and treat-
ment modality may be modified if deterioration occurs.

The current study has limitations, including a relatively
small number of patients and a lack of monthly ERG fol-
low-up records. Long-term large-scale clinical studies on
neuro-retinal functions after anti-VEGF therapies may yield
more clinically relevant findings on this topic.

Conclusions

The current study revealed long-term significant ERG
changes in cone functions in both LA 30Hz flicker and LA
3.0 ERGs, indicating that IVR could affect retinal photo-
receptor electrophysiology. The findings in both ERG forms
could have brought about no conclusive evidence of long-
term IVR toxicity. However, as the long-term effects of
treating patients multiple times are unknown, supplemental
monitoring of both central and full neuro-retinal electro-
physiology is required. In this regard, ERG may be a useful
and practical tool, especially in patients with nAMD who
are receiving anti-VEGFs like ranibizumab. Nonetheless,
additional long-term clinical studies are required to deter-
mine the effects of specific anti-VEGFs on neuro-retinal
electrophysiological functions in this patient population.

Ethical approval

This single-centered retrospective interventional study abided by the
ethical standards of the Helsinki Declaration and obtained full approval
from the Institutional Review Boards of the Batman Training and
Research Hospital Ethics Committee (Approval ID: 2021-284), which
included a review of patient medical records from the hospital database
between January 2019 and January 2021.

Author contributions

Both ZB and HHG contributed significantly to the conception and
design of the current study, acquisition, analysis and interpretation of
the data, the drafting and essential revision of the manuscript for rele-
vant intellectual content and the endorsement of the final version of
the manuscript. ZB¼Zeki Baysal; and HHG¼Hamidu
Hamisi Gobeka.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Zeki Baysal http://orcid.org/0000-0002-5223-4365
Hamidu Hamisi Gobeka http://orcid.org/0000-0002-7656-3155

Data availability statement

Data are available from the corresponding author on reason-
able request.

References

1. Friedman DS, O’Colmain BJ, Mu~noz B, Tomany SC, McCarty C,
de Jong PT, Nemesure B, Mitchell P, Kempen J. Prevalence of
age-related macular degeneration in the United States. Arch
Ophthalmol. 2004;122(4):564–572. doi:10.1001/archopht.122.4.
564.

2. Wang JJ, Foran S, Mitchell P. Age-specific prevalence and causes
of bilateral and unilateral visual impairment in older Australians:
the Blue Mountains Eye Study. Clin Exp Ophthalmol. 2000;
28(4):268–273. doi:10.1046/j.1442-9071.2000.00315.x.

3. Klaver CC, Wolfs RC, Vingerling JR, Hofman A, de Jong PT.
Age-specific prevalence and causes of blindness and visual

430 Z. BAYSAL AND H. H. GOBEKA

https://doi.org/10.1001/archopht.122.4.564
https://doi.org/10.1001/archopht.122.4.564
https://doi.org/10.1046/j.1442-9071.2000.00315.x


impairment in an older population: the Rotterdam Study. Arch
Ophthalmol. 1998;116(5):653–658. doi:10.1001/archopht.116.5.
653.

4. Nishimura T, Machida S, Harada T, Kurosaka D. Retinal gan-
glion cell function after repeated intravitreal injections of ranibi-
zumab in patients with age-related macular degeneration. Clin
Ophthalmol. 2012;6:1073–1082. doi:10.2147/OPTH.S31674.

5. Nishijima K, Ng YS, Zhong L, Bradley J, Schubert W, Jo N,
Akita J, Samuelsson SJ, Robinson GS, Adamis AP, et al. Vascular
endothelial growth factor-A is a survival factor for retinal neu-
rons and a critical neuroprotectant during the adaptive response
to ischemic injury. Am J Pathol. 2007;171(1):53–67. doi:10.2353/
ajpath.2007.061237.

6. Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, Grunwald
JE, Toth C, Redford M, Ferris FL. 3rd. Ranibizumab and bevaci-
zumab for treatment of neovascular age-related macular degener-
ation: two-year results. Ophthalmology. 2012;119(7):1388–1398.
doi:10.1016/j.ophtha.2012.03.053.

7. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, Chung
CY, Kim RY. Ranibizumab for neovascular age-related macular
degeneration. N Engl J Med. 2006;355(14):1419–1431. doi:10.
1056/NEJMoa054481.

8. Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP, Ianchulev T.
Ranibizumab versus verteporfin photodynamic therapy for neo-
vascular age-related macular degeneration: two-year results of
the ANCHOR study. Ophthalmology. 2009;116(1):57–65.e5. doi:
10.1016/j.ophtha.2008.10.018.

9. Mitchell P, Korobelnik JF, Lanzetta P, Holz FG, Pr€unte C,
Schmidt-Erfurth U, Tano Y, Wolf S. Ranibizumab (Lucentis) in
neovascular age-related macular degeneration: evidence from
clinical trials. Br J Ophthalmol. 2010;94(1):2–13. doi:10.1136/bjo.
2009.159160.

10. Walter P, Widder RA, L€uke C, K€onigsfeld P, Brunner R.
Electrophysiological abnormalities in age-related macular degen-
eration. Graefes Arch Clin Exp Ophthalmol. 1999;237(12):
962–968. doi:10.1007/s004170050331.

11. Mehri A. Non-extensive distribution of human eye photorecep-
tors. J Theor Biol. 2017;419:305–309. doi:10.1016/j.jtbi.2017.02.
030.

12. Pedersen KB, Møller F, Sjølie AK, Andr�easson S.
Electrophysiological assessment of retinal function during 6
months of bevacizumab treatment in neovascular age-related
macular degeneration. Retina. 2010;30(7):1025–1033. doi:10.
1097/IAE.0b013e3181cafc8f.

13. L€uke M, Januschowski K, L€uke J, Peters S, Wirtz N, Y€or€uk E,
L€uke C, Bartz-Schmidt KU, Grisanti S, Szurman P. The effects of
ranibizumab (Lucentis) on retinal function in isolated perfused
vertebrate retina. Br J Ophthalmol. 2009;93(10):1396–1400. doi:
10.1136/bjo.2009.157511.

14. Avery RL, Gordon GM. Systemic safety of prolonged monthly
anti-vascular endothelial growth factor therapy for diabetic
macular edema: a systematic review and meta-analysis. JAMA
Ophthalmol. 2016;134(1):21–29. doi:10.1001/jamaophthalmol.
2015.4070.

15. Terauchi G, Shinoda K, Sakai H, Kawashima M, Matsumoto CS,
Mizota A, Miyake Y. Retinal function determined by flicker
ERGs before and soon after intravitreal injection of anti-VEGF
agents. BMC Ophthalmol. 2019;19(1):129. doi:10.1186/s12886-
019-1129-7.

16. Robson AG, Frishman LJ, Grigg J, Hamilton R, Jeffrey BG,
Kondo M, Li S, McCulloch LD. ISCEV Standard for full-field
clinical electroretinography (2022 update). https://iscev.

wildapricot.org/resources/Documents/StandardsEtc/ISCEV_
Standard_for_full_field_ERG_(2022update)_draft4review.pdf.

17. Lee JY, Folgar FA, Maguire MG, Ying GS, Toth CA, Martin DF,
Jaffe GJ. Outer retinal tubulation in the comparison of age-
related macular degeneration treatments trials (CATT).
Ophthalmology. 2014;121(12):2423–2431. doi:10.1016/j.ophtha.
2014.06.013.

18. Grunwald JE, Daniel E, Huang J, Ying GS, Maguire MG, Toth
CA, Jaffe GJ, Fine SL, Blodi B, Klein ML, et al. Risk of geo-
graphic atrophy in the comparison of age-related macular degen-
eration treatments trials. Ophthalmology. 2014;121(1):150–161.
doi:10.1016/j.ophtha.2013.08.015.

19. Myers AC, L€ovestam Adrian M, Bruun A, Ghosh F, Andr�easson
S, Ponjavic V. Retinal function and morphology in rabbit after
intravitreal injection of VEGF inhibitors. Curr Eye Res. 2012;
37(5):399–407. doi:10.3109/02713683.2011.611609.

20. Larsson J, Bauer B, Andr�easson S. The 30-Hz flicker cone ERG
for monitoring the early course of central retinal vein occlusion.
Acta Ophthalmol Scand. 2000;78(2):187–190. doi:10.1034/j.1600-
0420.2000.078002187.x.

21. Gong Y, Wu X, Sun X, Zhang X, Zhu P. Electroretinogram
changes after scleral buckling surgery of retinal detachment. Doc
Ophthalmol. 2008;117(2):103–109. doi:10.1007/s10633-007-9109-
2.

22. Yasuda S, Kachi S, Ueno S, Piao CH, Terasaki H. Flicker electro-
retinograms before and after intravitreal ranibizumab injection
in eyes with central retinal vein occlusion. Acta Ophthalmol.
2015;93(6):e465-8–e468. doi:10.1111/aos.12674.

23. Holm K, Schroeder M, L€ovestam Adrian M. Peripheral retinal
function assessed with 30-Hz flicker seems to improve after
treatment with Lucentis in patients with diabetic macular
oedema. Doc Ophthalmol. 2015;131(1):43–51. doi:10.1007/
s10633-015-9495-9.

24. Marneros AG, Fan J, Yokoyama Y, Gerber HP, Ferrara N,
Crouch RK, Olsen BR. Vascular endothelial growth factor
expression in the retinal pigment epithelium is essential for cho-
riocapillaris development and visual function. Am J Pathol. 2005;
167(5):1451–1459. doi:10.1016/S0002-9440(10)61231-X.

25. McLeod DS, Taomoto M, Otsuji T, Green WR, Sunness JS, Lutty
GA. Quantifying changes in RPE and choroidal vasculature in
eyes with age-related macular degeneration. Invest Ophthalmol
Vis Sci. 2002;43(6):1986–1993. PMID: 12037009

26. Peters S, Heiduschka P, Julien S, Ziemssen F, Fietz H, Bartz-
Schmidt KU, Schraermeyer U. Ultrastructural findings in the pri-
mate eye after intravitreal injection of bevacizumab. Am J
Ophthalmol. 2007;143(6):995–1002. doi:10.1016/j.ajo.2007.03.007.

27. Korte GE, Reppucci V, Henkind P. RPE destruction causes cho-
riocapillary atrophy. Invest Ophthalmol Vis Sci. 1984;25(10):
1135–1145.

28. Leonard DS, Zhang XG, Panozzo G, Sugino IK, Zarbin MA.
Clinicopathologic correlation of localized retinal pigment epithe-
lium debridement. Invest Ophthalmol Vis Sci. 1997;38(6):
1094–109.

29. Campochiaro PA, Hackett SF, Vinores SA, Freund J, Csaky C,
LaRochelle W, Henderer J, Johnson M, Rodriguez IR, Friedman
Z. Platelet-derived growth factor is an autocrine growth stimula-
tor in retinal pigmented epithelial cells. J Cell Sci. 1994;107 (9):
2459–2469. doi:10.1242/jcs.107.9.2459.

30. Bhutto I, Lutty G. Understanding age-related macular degener-
ation (AMD): relationships between the photoreceptor/retinal
pigment epithelium/Bruch’s membrane/choriocapillaris complex.
Mol Aspects Med. 2012;33(4):295–317. doi:10.1016/j.mam.2012.
04.005.

CURRENT EYE RESEARCH 431

https://doi.org/10.1001/archopht.116.5.653
https://doi.org/10.1001/archopht.116.5.653
https://doi.org/10.2147/OPTH.S31674
https://doi.org/10.2353/ajpath.2007.061237
https://doi.org/10.2353/ajpath.2007.061237
https://doi.org/10.1016/j.ophtha.2012.03.053
https://doi.org/10.1056/NEJMoa054481
https://doi.org/10.1056/NEJMoa054481
https://doi.org/10.1016/j.ophtha.2008.10.018
https://doi.org/10.1136/bjo.2009.159160
https://doi.org/10.1136/bjo.2009.159160
https://doi.org/10.1007/s004170050331
https://doi.org/10.1016/j.jtbi.2017.02.030
https://doi.org/10.1016/j.jtbi.2017.02.030
https://doi.org/10.1097/IAE.0b013e3181cafc8f
https://doi.org/10.1097/IAE.0b013e3181cafc8f
https://doi.org/10.1136/bjo.2009.157511
https://doi.org/10.1001/jamaophthalmol.2015.4070
https://doi.org/10.1001/jamaophthalmol.2015.4070
https://doi.org/10.1186/s12886-019-1129-7
https://doi.org/10.1186/s12886-019-1129-7
https://iscev.wildapricot.org/resources/Documents/StandardsEtc/ISCEV_Standard_for_full_field_ERG_(2022update)_draft4review.pdf
https://iscev.wildapricot.org/resources/Documents/StandardsEtc/ISCEV_Standard_for_full_field_ERG_(2022update)_draft4review.pdf
https://iscev.wildapricot.org/resources/Documents/StandardsEtc/ISCEV_Standard_for_full_field_ERG_(2022update)_draft4review.pdf
https://doi.org/10.1016/j.ophtha.2014.06.013
https://doi.org/10.1016/j.ophtha.2014.06.013
https://doi.org/10.1016/j.ophtha.2013.08.015
https://doi.org/10.3109/02713683.2011.611609
https://doi.org/10.1034/j.1600-0420.2000.078002187.x
https://doi.org/10.1034/j.1600-0420.2000.078002187.x
https://doi.org/10.1007/s10633-007-9109-2
https://doi.org/10.1007/s10633-007-9109-2
https://doi.org/10.1111/aos.12674
https://doi.org/10.1007/s10633-015-9495-9
https://doi.org/10.1007/s10633-015-9495-9
https://doi.org/10.1016/S0002-9440(10)61231-X
https://doi.org/10.1016/j.ajo.2007.03.007
https://doi.org/10.1242/jcs.107.9.2459
https://doi.org/10.1016/j.mam.2012.04.005
https://doi.org/10.1016/j.mam.2012.04.005

	Abstract
	Introduction
	Materials and methods
	Study design and patient selection
	Ophthalmic examination
	Anti-VEGF therapy and follow-up regimen
	Full-Field electroretinography
	Data analysis

	Results
	Visual and anatomical outcomes
	Electroretinography findings

	Discussion
	Conclusions
	Ethical approval
	Author contributions
	Disclosure statement
	Orcid
	Data availability statement
	References


