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Background: The purpose of this study was to evaluate the safety of intravitreal ranibizumab 

injection in patients with age-related macular degeneration.

Materials and methods: We examined retinal ganglion cell function using the photopic nega-

tive response of the electroretinogram (ERG) in patients with age-related macular degeneration 

(AMD) treated with intravitreal injections of ranibizumab. We studied 32 eyes of 32 patients 

with AMD and aged 50–84 years with a mean of 71 years. An intravitreal ranibizumab injec-

tion was given three times at monthly intervals. Additional injections were given according to 

an optical coherence tomography-guided variable dosing regimen. ERG recordings were made 

before treatment (baseline) and at 3, 6, 9, and 12 months postoperatively. Full-field cone ERGs 

were elicited by red stimuli on a blue background. The focal macular ERGs were elicited by a 

15 degree white stimulus spot centered on the macular region. We measured the amplitudes of 

the a and b waves, oscillatory potentials, and the photopic negative response of the full-field 

cone and focal macular ERGs.

Results: Visual acuity was significantly better than the baseline acuity, and macular thickness 

was significantly reduced after the intravitreal injections of ranibizumab. The amplitudes and 

implicit times of each wave of the full-field cone ERGs were not significantly changed after 

intravitreal ranibizumab injections. However, the amplitudes of each wave of the focal macular 

ERGs were increased after the injections. The implicit times of the a and b waves of the focal 

macular ERGs were significantly shortened after intravitreal injections of ranibizumab. The ratio 

of the full-field and focal photopic negative response/b-wave amplitude was not significantly 

changed after the injections.

Conclusion: The amplitudes of the focal macular ERGs, including the photopic negative 

response improved after repeated intravitreal ranibizumab injections, accompanied by a recovery 

of visual acuity and macular structure. The results of the full-field cone ERGs indicate that retinal 

ganglion cell function was not altered by repeated intravitreal ranibizumab injection.

Keywords: age-related macular degeneration, retinal ganglion cell, photopic negative response, 

electroretinogram, ranibizumab

Introduction
Vascular endothelial growth factor A (VEGF-A) plays an important role in the retina 

under physiological and pathological conditions. VEGF-A is a mitogenic factor that 

is known to be an inducer of pathological neovascularization in intraocular diseases, 

such as in age-related macular degeneration (AMD). However, a number of studies 

have shown that VEGF-A can act favorably as a neurotrophic or survival-promoting 

factor for different cell types, including neural, glial, and vascular endothelial 

cells.1 Anti-VEGF-A monoclonal antibody inhibits all biologically active isoforms 
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of VEGF-A. Repeated intravitreal injections of anti-

VEGF-A monoclonal antibody have been reported to cause 

degeneration of retinal ganglion cells in rats.2

Anti-VEGF-A therapy has emerged as a new and prom-

ising treatment for exudative AMD. Large, multicenter, 

randomized, double-masked, controlled clinical trials have 

shown that intravitreal injections of ranibizumab (IVR), 

a recombinant, humanized monoclonal anti-VEGF-A anti-

body antigen-binding fragment (Fab), significantly improves 

central vision in patients with AMD.3–5 To maintain the 

benefit from IVR on vision in AMD patients, multiple 

injections are needed based on the evidence from clinical 

trials.6 Thus, a toxic effect of the anti-VEGF-A monoclonal 

antibody on retinal ganglion cells has been a concern when 

repeated injections of ranibizumab are used to treat AMD 

patients.2,7

There are a few objective methods used to measure the 

function of retinal ganglion cells. The photopic negative 

response (PhNR) of the full-field cone electroretinograms 

(ERGs) is a functional indicator of retinal ganglion cells.8 

The PhNR consists of a negative-going wave that follows the 

photopic cone b wave. The PhNR is selectively attenuated in 

patients with optic nerve disease and glaucoma,9–13 indicating 

that the PhNR can be an objective functional measure reflect-

ing the sum of the total response of the retinal ganglion cells 

in the entire retina.

Miyake et al14 developed an ERG eliciting and record-

ing system which allowed them to record responses from 

focal retinal areas while viewing the location of small 

stimulus spots on the ocular fundus. Previous studies 

have demonstrated that the PhNR of the focal macular 

ERG represents the retinal ganglion cell function of the 

macula.15–20 Therefore, examinations of both full-field and 

focal macular ERG recordings should allow us to test the 

retinal ganglion cell function of the entire retina and the 

macular area.

The results of animal and clinical experiments have 

shown that the retinal function evaluated by the ERGs is 

not affected by IVR.21–23 Sheybani et al23 have demonstrated 

that the pattern ERG driven by retinal ganglion cells24,25 did 

not alter in AMD patients treated with IVR, indicating that 

repeated VEGF inhibition does not lead to retinal ganglion 

cell damage in the posterior pole of the retina. However, the 

PhNR representing retinal ganglion cell function after IVR 

has been under investigation. To evaluate the safety of IVR, 

we examined retinal ganglion cell function using the PhNR 

of full-field and focal macular ERGs in patients with AMD 

treated with IVR.

Materials and methods
Subjects
We studied 32 eyes of 32 patients with choroidal neovas-

cularization secondary to AMD. There were 25  men and 

seven women of mean age 70.7 ± 7.8 (range 50–84) years. 

The patients were treated in the Retina Unit of Iwate Medical 

University Hospital. Twenty-one eyes had typical AMD and 

11 had polypoidal choroidal vasculopathy. All patients had 

ophthalmological examinations, including measurement of 

the visual acuity by a Snellen chart, indirect ophthalmoscopy, 

and biomicroscopic slit-lamp examination of the fundus.

This research was conducted in accordance with the 

institutional guidelines of Iwate Medical University, and 

the procedures conformed to the tenets of the Declaration of 

Helsinki. An informed consent was obtained from all subjects 

after a full explanation of the nature of the experiments.

Angiography and OCT
Fluorescein angiography and indocyanine green angiog-

raphy were performed before and 3  months after the 

treatments. The retinal morphology was evaluated by 

spectral-domain optical coherence tomography (SD-OCT, 

Spectralis, Heidelberg Engineering, Heidelberg, Germany). 

The SD-OCT scans passed through the fovea horizontally 

and vertically. The foveal thickness was measured from 

the inner limiting membrane to outer border of the retinal 

pigment epithelium. When a retinal pigment epithelial 

detachment was present, the foveal thickness was measured 

from the inner limiting membrane to Bruch’s membrane 

instead of the retinal pigment epithelium. The averaged 

foveal thickness was obtained by averaging the horizontal 

and vertical thickness.

Treatments and follow-up regimen
Ranibizumab 0.5  mg was injected into the vitreous with 

a 30 G needle through the pars plana at monthly intervals 

for 3 months. The patients were examined monthly for the 

following 9 months. At each visit, the best-corrected visual 

acuity, OCT, and ophthalmoscopy of the ocular fundus were 

determined. Additional IVR was given according to the 

OCT-guided variable-dosing regimen used in the PrONTO 

study.26

ERG recordings
The pupils were dilated to approximately 8 mm in diameter 

by topical 0.5% tropicamide and 0.5% phenylephrine HCL. 

The recordings of the full-field and focal ERGs were made on 

the same day. The stimulus conditions for the recordings of 
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the full-field cone ERGs and focal ERGs have been reported 

in detail.13,16

The full-field cone ERGs were elicited by red stimuli 

of 1600 cd/m2 (λ
max

  =  644  nm, half-amplitude band-

width  =  35  nm) on a blue background of 40 cd/m2 

(λ
max

 = 470 nm, half-amplitude bandwidth = 18 nm). The 

duration of the stimulus was 3  msec. The stimulus and 

background lights were produced by light emitting diodes 

embedded in the contact lens (Mayo Company Nagoya, 

Japan). Thirty to 50 responses were averaged for full-field 

cone ERGs.

Immediately after recording the full-field cone ERGs, 

we started to prepare for recording of the focal macular 

ERGs. The interval between the full-field and focal macu-

lar ERGs was approximately 5 minutes. Focal ERGs were 

recorded from the macular area. The stimulus system was 

integrated into the infrared fundus camera (Mayo Co, 

Nagoya, Japan) developed by Miyake et al.14 The stimulus 

spot was 15 degrees in diameter and was centered on the 

macula, and the position was confirmed by viewing the 

ocular fundus on a monitor. The intensity of the white stimu-

lus and background lights was 165 cd/m2 and 6.9 cd/m2, 

respectively. The stimulus duration was 10 msec. The focal 

ERGs were recorded with a Burian-Allen bipolar contact 

lens electrode (Hansen Ophthalmic Laboratories, Iowa City, 

IA). Approximately 300 responses were averaged for focal 

macular ERGs.

The a wave and b wave amplitudes were measured from 

baseline to the trough of the first negative response and from 

the first trough to the peak of the following positive wave, 

respectively. The PhNR amplitude was measured from the 

baseline to the negative trough at 65 msec for the full-field 

and at 70 msec for the focal PhNR according to the findings 

in earlier studies.11,13,16 For the oscillatory potentials (OPs), 

the ERGs were digitally filtered between 100 and 1000 Hz 

for the full-field cone ERGs and between 50 and 500 Hz 

for the focal ERGs. The amplitudes of OP1, OP2, and OP3 

were measured and summed, and designated as ΣOPs, as 

previously reported.16,27

Statistical analyses
Two-tailed paired Student’s t-tests were used to compare 

the pretreatment and post-treatment data to determine the 

statistical significance of the differences. P  ,  0.05 was 

taken to be statistically significant. Pearson’s coefficient 

of correlation was calculated to determine the degree 

of correlation between the number of injections and 

postoperative changes in the ERGs.

Results
Representative case
The ERGs from a representative case treated with three IVR 

without additional treatments in a year are shown in Figure 1. 

This case had an occult choroidal neovascularization with late 

dye leakage on fluorescein angiography. Indocyanine green 

angiography showed late staining in the area corresponding to 

the occult choroidal neovascularization. OCT demonstrated 

a serous retinal detachment. After the three IVR, the serous 

retinal detachment disappeared, with improvement in best-

corrected visual acuity. The a wave and b wave amplitudes of 

the focal macular ERGs gradually increased postoperatively. 

The full-field cone ERGs were unchanged throughout the 

observation period.

Changes in best-corrected visual  
acuity and foveal thickness
Changes in best-corrected visual acuity and foveal thickness 

with increasing post-injection times are shown in Figure 2. 

Best-corrected visual acuity (in logMAR units) improved 

significantly compared with baseline at 3 months after IVR 

(P , 0.005). Thereafter, best-corrected visual acuity did not 

change significantly, but at 12  months it was still signifi-

cantly better than the best-corrected visual acuity at baseline 

(P , 0.05, Figure 2A).

Foveal thickness measured by OCT decreased signifi-

cantly at 3 months post-injection (P , 0.05) and remained 

unchanged until 6 months (Figure 2B). At 6 months, it was 

still significantly thinner than at baseline (P , 0.0005). There 

was no significant difference in best-corrected visual acuity 

and foveal thickness between eyes with typical AMD and 

polypoidal choroidal vasculopathy.

Comparison of preoperative  
and postoperative ERGs
Changes in the amplitudes and implicit times of each 

component of the focal macular and full-field cone ERGs 

as a function of months after IVR are shown in Figures 3–6. 

For the full-field ERGs, the amplitudes and implicit times 

were not significantly different from baseline values at any 

time (Figures 3, 5A, 6A, and B).

The changes of each parameter of the focal macular 

ERGs as a function of months after initiation of IVR are 

shown in Figure  4. Before IVR, the amplitudes of the a 

waves and b waves, ΣOPs, and PhNR of the focal macular 

ERGs were significantly decreased in affected eyes compared 

with unaffected eyes (P ,  0.000001). After the IVR, the 
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Full-field cone ERG

Focal macular ERG

Baseline

3 months 6 months 9 months 
BCVA = 0.6 BCVA = 0.8

a-wave

PhNR:70 ms

20ms

50µ V

a-wave

b-wave

b-wave

PhNR:65ms

12 months 

20ms

2 µ V

OP1

BCVA = 0.8 BCVA = 1.0 BCVA = 1.0

Post-IVRs

OP2 OP3

OP1
OP2 OP3

Figure 1 Findings in a representative case of age-related macular degeneration associated with an occult choroidal neovascularization. The eye was treated with three-
monthly intravitreal injections of ranibizumab. The serous retinal detachment promptly disappeared after three injections. There was no change in waveforms and amplitudes 
of the full-field cone electroretinograms after three intravitreal injections of ranibizumab. The amplitudes of the focal macular electroretinograms are slightly larger at 
6 months and thereafter.
Abbreviations: IVRs, intravitreal injections of ranibizumab; BCVA, best corrected visual acuity; ERG, electroretinogram; PhNR, photopic negative response; OP, oscillatory 
potential.
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Figure 2 Averaged best-corrected visual acuity in logarithm of the minimum angle resolution (logMAR) units before and after intravitreal injections of ranibizumab (IVRs). 
(A) Averaged foveal thickness measured by optic coherence tomography before and after IVRs. (B) The white boxes represent the values before (baseline) and the gray 
boxes the values after IVRs.
Notes: The boxes represent the 25%–75% interquartile ranges. The horizontal line represents median values, and the bars represent the 5% and 95% confidence intervals.  
Filled circles represent data beyond the confidence intervals. *P , 0.05; **P , 0.005; ***P , 0.0005.

averaged amplitude of the focal macular ERGs increased, 

and significant recovery was observed at 3, 6, and 12 months 

after starting the IVR (Figure  4, P  ,  0.05–0.0005). The 

degree of recovery of the b wave and PhNR after the IVR 

was not significantly different. As a result, the PhNR/b wave 

amplitude ratio was unchanged throughout the observation 

period (Figure 5B).

Before IVR, the averaged implicit times of the a waves 

and b waves of the focal macular ERGs were significantly 

longer in affected eyes than in unaffected eyes (P , 0.005 
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for a wave; P , 0.05 for b wave). After IVR, the implicit 

times were significantly shortened compared with baseline 

values (P , 0.05–0.005, Figures 6C and D). There was no 

significant difference in amplitudes and implicit times of all 

ERG components in eyes with typical AMD and polypoidal 

choroidal vasculopathy.

Correlation of number of treatments 
with ERG changes
The number of IVR ranged from three to seven, with a mean 

of 4.09 for the 12-month observation period. The differ-

ences in PhNR amplitude and PhNR/b wave amplitude ratio 

between baseline and 12 months after the IVR were plotted 

against numbers of IVR for the full-field (Figure 7A and B) 

and focal macular ERGs (Figure 7C and D). There was no sig-

nificant correlation between the number of IVR and changes 

in PhNR amplitude and PhNR/b wave amplitude ratio for 

the full-field ERG. Focal PhNR amplitude was significantly 

reduced with numbers of IVR (r = 0.21; P , 0.01). However, 

the focal PhNR/b wave amplitude ratio was not significantly 

correlated with number of IVR.

Discussion
We examined the photopic full-field and focal macular ERGs 

in AMD patients before and after three consecutive monthly 

IVR. Our results demonstrate that full-field cone ERGs did 

not change significantly after IVR at any time. However, 

focal macular ERGs were significantly improved, and 

accompanied by recovery of central vision and the anatomical 

structure of the macula. These findings indicate that IVR did 

not have adverse effects on any retinal layers, including the 

retinal ganglion cells.

Full-field and focal macular ERG changes
The full-field cone ERGs represent the sum of the electrical 

activities of all of the retinal neurons in the cone pathway. 

Therefore, the absence of any significant changes in the ampli-

tudes and implicit times of the a waves and b waves, OPs, and 
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Figure 3 Averaged amplitudes of a waves (A) and b waves (B), oscillatory potentials (OPs), (C) and photopic negative response (PhNR), (D) for full-field cone electroretinograms. 
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Figure 4 Averaged amplitudes of a waves (A) and b waves (B), oscillatory potentials (OPs), (C) and photopic negative response (PhNR), (D) for focal macular electoretinograms.
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*P , 0.05; **P , 0.005; ***P , 0.0005.
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PhNR indicate that cells in each retinal layer, including the cone 

photoreceptors, cone bipolar cells, amacrine cells, and retinal 

ganglion cells of the entire retina, were not affected by IVR.

On the other hand, the amplitudes and implicit times of the 

focal macular ERGs did improve in association with recovery 

of central vision and disappearance of exudative changes. 

These findings are compatible with an earlier report that the 

amplitude of multifocal ERGs increased after anti-VEGF 

therapy.22,28 Recovery of outer retinal function probably led 

to an increase in signals to the inner retina, resulting in an 
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increase of ΣOPs and PhNR amplitudes in the focal macular 

ERGs. However, the increased PhNR amplitude of the focal 

macular ERG does not necessarily indicate an increase in the 

activity of retinal ganglion cells. Because of this, we used 

the PhNR/b wave amplitude ratio as a functional indicator 

of retinal ganglion cells in the focal macular ERGs. The 

amplitude ratio did not change after treatment, suggesting 

that IVR did not adversely affect the retinal ganglion cell 

function of the macula.

Comparison with results  
of earlier studies
It has been reported that repeated intravitreal injections 

of anti-VEGF-A monoclonal antibody lead to degenera-

tion of retinal ganglion cells in rats.2 This is inconsistent 

with our observation that the amplitude of the PhNR of the 

full-field and focal macular ERGs did not decrease. There 

are several possible reasons for this difference. First, there 

was a difference in the protocol of injections between these 

studies. Nishijima et al injected anti-VEGF-A monoclonal 

antibody weekly for 6 weeks, in contrast with our monthly 

injections for the first 3  months and additional injections 

when needed.2,26 Second, ranibizumab is a Fab with a lower 

molecular weight than the full-length antibody, and its half-

life in the vitreous is approximately one-half of that of full-

length bevacizumab.29,30 Therefore, intraocular ranibizumab 

is quickly leached out after each injection, which may be less 

toxic to retinal ganglion cells.

The number of injections was not significantly correlated 

with changes in the full-field cone ERG components, includ-

ing PhNR. These findings indicate that the dose-dependent 

toxic effect was not seen in patients after multiple IVR. This 

is consistent with the results of an earlier study demonstrat-

ing that an average of 16 IVR did not adversely affect retinal 

nerve fiber layer thickness around the optic nerve head, as 

measured by OCT.31
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Effect of vasoconstriction and retinal 
ischemia on PhNR and OPs
We have reported that, after a central retinal artery occlusion, 

PhNR amplitude was predominantly reduced with relatively 

good preservation of the b wave.32 It has also been reported 

that PhNR is reduced in eyes with a central retinal vein occlu-

sion or with diabetic retinopathy.27,33,34 These observations 

indicate that the PhNR could be a good indicator of retinal 

function in ischemic diseases of the retina. The OPs represent 

the neural activity of the inner retina and has been used as a 

sensitive indicator of retinal ischemia, such as in eyes with 

diabetic retinopathy.35

It was shown that IVR can induce retinal arteriolar 

vasoconstriction that worsens with time.36 In an animal 

experiment, it was shown that intravitreal injections of anti-

VEGF-A antibody resulted in closure of retinal capillaries.37 

Previous clinical reports have suggested that retinal ischemia 

became worse following intravitreal administration of anti-

VEGF-A antibody.38–40 Taken together, if retinal ischemia 

develops after IVR, this is important because it can lead to 

glutamate excitotoxicity, to which retinal ganglion cells are 

particularly susceptible.41 The ischemia should then reduce 

the amplitudes of the PhNR and OPs, but our results show 

that they were not significantly changed, indicating that 

retinal ischemia after the IVR, if it occurred, did not alter the 

function of the inner retina of our AMD patients.

Correlation between PhNR changes and 
number of IVR
In cases that required additional IVR, focal macular ERG 

amplitudes were reduced despite the treatments because of 

recurrences of exudative changes. We found a significant 

correlation between changes in PhNR amplitudes of the 

focal macular ERGs and the number of IVR. However, this 

does not indicate a decrease in retinal ganglion cell func-

tion because the focal PhNR/b wave amplitude ratio was 

not significantly correlated with the number of treatments. 

This suggests that exudation affected the outer retina which 

then reduced the signal to the middle and inner retina in the 

macular area.

Study limitations
One limitation of this study is the fact that we recorded 

only cone-mediated ERGs. Therefore, we cannot rule out 
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possible impairment of retinal ganglion cell function in the 

rod-mediated pathway. The scotopic threshold response42,43 is 

a negative-going wave recorded by very weak stimuli under 

dark adaptation, representing retinal ganglion cell function in 

the rod-mediated pathway.44 Recording the scotopic threshold 

response is difficult in the clinic because complete dark adap-

tation is required for the recordings. In addition, the cellular 

origin of the scotopic threshold response is still controversial 

in humans.45 Therefore, we decided to evaluate the retinal 

ganglion cell function by analyzing the PhNR.

Conclusion
The amplitudes of focal macular ERGs, including PhNR, 

improved after repeated IVR, accompanied by recovery of 

visual acuity and macular structure. Results of the full-field 

cone ERG indicate that retinal ganglion cell function in the 

cone-mediated pathway is not altered by repeated IVR.
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