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Abstract
Background: To evaluate the retinal function before and after intravitreal injection of anti-vascular
endothelial growth factor (anti-VEGF) agents in the injected and non-injected eyes.

Methods: Seventy-nine eyes of 79 patients that were treated by an intravitreal injection of an anti-VEGF
agent for age-related macular degeneration (AMD), diabetic macular edema (DME), or retinal vein
occlusion (RVO) with macular edema (ME) were studied. The RETeval® system was used to record 28 Hz
�icker electroretinograms (ERGs) from both eyes before (phase 1), within 2 hours after the injection
(phase 2), and 2 to 24 hours after the injection (phase 3). Patients were grouped by disease or by the
injected agent and compared. The signi�cance of the changes in the implicit times and amplitudes was
determined by t tests. 

Results: The amplitudes were not signi�cantly different among the groups. The implicit times were
signi�cantly longer or tended to be longer at phase 2 and 3 compared to phase 1 for each disease and for
each injected agent in the injected and non-injected eyes.

Conclusions: The results show that an intravitreal anti-VEGF injection will prolong the implicit times not
only in the injected eye but also in the non-injected eye soon after the intravitreal injection.

Trial registration: All of the patients gave a written informed consent and the study was conducted in
accordance with the tenets of Declaration of Helsinki and approved by the Ethics Committee of the
Teikyo University School of Medicine (study ID number: 14-122).

Keywords: A�ibercept, age-related macular degeneration, electroretinogram, intravitreal injection, macular
edema, ranibizumab, retinal vein occlusion, vascular endothelial growth factor.

Background
Intravitreal injections are used to deliver drugs and gases to the retina and choroid to treat various eye
diseases. Since pegaptanib, an anti-vascular endothelial growth factor (anti-VEGF) aptamer, was �rst
approved by the United States Food and Drug Administration (U.S. FDA) in 2004, a growing number of
intravitreal injections are being performed every day. Ranibizumab, a�ibercept, and bevacizumab are
commonly used as anti-VEGF agents [1-10]. The anti-VEGF agents were original used to treat eyes with
age-related macular degeneration (AMD)[1-4] but its use has expanded to diabetic macular edema (DME)
[5-10], retinal vein occlusion (RVO) with macula edema (ME)[11-14], and other vascular-related retinal
diseases. Several clinical trials have reported on their effectiveness [1-14]. In addition, the use of
intravitreal injections of oculi plasmin [15] and steroids has increased, and intravitreal injections have
become a relatively common procedure.

However, serious local side effects such as endophthalmitis, vascular occlusions, retinal tears, and
rhegmatogenous retinal detachment can develop in the injected eyes [16-19], and also systemic
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complications such as cerebral and myocardial infarctions have been reported [20]. These �ndings
indicate that these agents can have systemic affects and attention needs to be paid to these
complications. 

The evaluations of the retinal function by electroretinography (ERG) can be performed not only by
conventional ERG systems [21-23] but also by the new RETeval system, a handheld, portable ERG device
[21,24,25]. Previous studies evaluating retinal function by ERGs focused only on the injected diseased
eye, and an evaluation of the non-injected fellow eye after an intravitreal injection of anti-VEGF agents
has not been reported. We believed that the RETeval system could be easily applied to the assessment of
the function of the fellow eye even just after injection especially when contact lens electrodes are not
used.

Thus, the purpose of this study was to evaluate the retinal function before and at <2 h and between 2 and
24 h after an intravitreal injection of different anti-VEGF agents. We determined changes in the retinal
function of the injected eye and non-injected fellow eye.

Methods
Patients

All of the participants had undergone an intravitreal injection of an anti-VEGF agent at the Teikyo
University Hospital in Tokyo, Japan from June 2014 to August 2015 and were prospectively studied.
Seventy-nine eyes of 79 patients had received the intravitreal injection of an anti-VEGF agent for AMD,
DME, or RVO with ME. The injected anti-VEGF agent was ranibizumab or a�ibercept (Table 1). If the
patients had been injected more than once within the study period, only the initial data were used. In
patients who had been injected in both eyes during the study period, only the data collected after the �rst
injection was included.

 

Methods

Recordings of �icker ERG was done to meet our aim of evaluating the retinal function before and after an
intravitreal injection of the anti-VEGF agents in a prospective manner.

Flicker ERGs were elicited and recorded three times from both eyes with the RETeval® system (Mayo,
Inazawa, Japan); the �rst recording was before the injection of an anti-VEGF agent (phase 1), the second
was within 2 hours after the injection (phase 2), and the third was 2 to 24 hours after the injection (phase
3). Recordings were made under room light after mydriasis, and the �icker ERGs were picked-up by a
sensor strip skin electrode a�xed to the lower eyelid of both eyes. The strips included the active,
reference, and ground electrodes.
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A mini Ganzfeld dome was placed in front of the eye and a 3 cd·s/m2 �ash with 30 cd/m2 background
light (ISCEV standard) was delivered to elicit the responses. The patients were instructed to look at a
�xation point within the dome, and the patient’s �xation was monitored by an infrared camera (Figure 1).
The implicit times and amplitudes of the �icker ERGs were automatically analyzed by the software
integrated in the RETeval® system.

 

Intravitreal injections

The intravitreal injections were done under topical 4% xylocaine anesthesia. The conjunctival sac was
disinfected by 10% povidone-iodine and 0.05% chlorhexidine gluconate, and a sterile lid speculum was
used. After the ocular surface was prepared, aqueous humor was aspirated from the limbus with a 30-
gauge needle. The ocular surface was disinfected again with 0.25% povidone-iodine solution, and then
0.05 ml of the anti-VEGF agent was injected into the vitreous through the pars plana with a 30-gauge
needle. Antibiotics eye drops and ointment were applied and a sterile eyepatch was placed over the eye.

The patients were grouped and compared by the type of disease or by the type of anti-VEGF agent
injected. For statistics, t tests were used to determine whether the changes in the implicit times and
amplitudes among the groups were signi�cant. A P value of P <0.05 was taken to be signi�cant.

Results
We excluded cases that did not have a complete set of recordings during the three phases, and also those
whose amplitudes were too small to be analyzed by the RETeval system. In the end, 79 cases were
analyzed and 9 cases were excluded.

 

Demographics of all cases (Figures 2 and 3, Table 2)

The mean age of the patients was 68.9 ± 12.6 years, and they were made up of 44 men and 35 women.
The mean ± standard deviation of the implicit time in the injected eye was 31.2 ± 3.18 at phase 1, 31.7 ±
3.06 at phase 2, and 32.2 ± 3.31 msec at phase 3, and that in the non-injected fellow eye was 30.5 ± 3.30
at phase 1, 31.1±3.18 at phase 2, and 31.3 ± 3.39 msec at phase 3. The differences in the implicit times
between phase 1 and phase 2, and between phase 1 and phase 3 were signi�cant in both the injected and
non-injected fellow eyes.

The amplitudes in the injected eyes were 8.66 ± 5.72 µV at phase 1, 7.88 ± 6.07 µV at phase 2, and 9.46 ±
8.93 µV at phase 3, and that in the non-injected fellow eye was 9.41 ± 6.48 µV at phase 1, 9.15 ± 6.66 µV
at phase 2, and 9.51 ± 6.19 µV at phase 3. The differences in the amplitudes between the two eyes were
not signi�cant at any phase.
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Subgroup analysis by disease (Figure 2; Table 3)

Thirty-seven eyes of 37 patients had AMD (mean age 74.1 ± 8.58 years, 24 men and 13 women), 24 eyes
of 24 patients had DME (mean age 59.9 ± 11.3 years, 14 men and 10 women), and 18 eyes of 18 patients
had RVO with ME (mean age 70.1 ± 14.9 years, 6 men and 12 women).

In the AMD group,18 eyes were injected with ranibizumab and 19 eyes injected with a�ibercept. The mean
implicit time in the injected eye was 29.9 ± 1.75 msec at phase 1, 30.4 ± 1.64 msec at phase 2, and 30.8 ±
2.14 msec at phase 3, and that in the non-injected fellow eye was 29.5 ± 2.46 msec at phase 1, 30.4 ±
2.11 msec at phase 2, and 30.6 ± 2.35 msec at phase 3. Signi�cant differences in the implicit times
between phase 1 and phase 2, and between phase 1 and phase 3 were found in both the injected and
non-injected eyes.

The mean amplitude in the injected eye was 8.99 ± 5.74 µV at phase 1, 8.12 ± 6.43 µV at phase 2, and
9.04 ± 6.34 µV at phase 3, and that in the non-injected fellow eye was 10.1 ± 7.16 µV at phase 1, 9.63 ±
7.27 µV at phase 2, and 9.81 ± 6.18 µV at phase 3. No signi�cant difference was observed in the
amplitudes for both eyes.

 

The DME group included 18 eyes injected with ranibizumab and 6 eyes injected with a�ibercept. The
mean implicit time in the injected eye was 33.6 ± 3.22 msec at phase 1, 34.2 ± 3.15 msec at phase 2, and
34.7 ± 3.09 msec at phase 3, and that in the non-injected fellow eye was 33.6 ± 3.10 msec at phase 1,
34.1 ± 3.10 msec at phase 2, and 34.3 ± 3.40 msec at phase 3. The difference in the implicit times
between phase 1 and 3 was signi�cant in the injected and non-injected fellow eyes. No signi�cant
difference was observed between phase 1 and 2 in the injected and non-injected fellow eyes.

The mean amplitudes in the injected eye was 7.95 ± 5.88 µV at phase 1, 7.05 ± 5.83 µV at phase 2, and
7.56 ± 5.88 uV at phase 3, and that in the non-injected fellow eye was 7.53 ± 5.13 µV at phase 1, 7.15 ±
5.47 µV at phase 2, and 7.81 ± 5.59 µV at phase 3. No signi�cant difference was observed in the
amplitudes for any of the comparisons for both eyes.

The RVO with ME group included 14 eyes injected with ranibizumab, 3 eyes injected with a�ibercept, and
1 eye injected with bevacizumab. The mean implicit times of the injected eye was 30.7 ± 3.68 msec at
phase 1, 31.3 ± 3.37 msec at phase 2, and 31.6 ± 3.79 msec at phase 3, and that of the non-injected
fellow eyes was 28.4 ± 1.93 msec at phase 1, 28.6 ± 2.00 msec at phase 2, and 28.9 ± 2.30 msec at
phase 3. Signi�cant differences between phase 1 and phase 2, and between phase 1 and phase 3 were
observed only in the injected eyes.

The mean amplitude in the injected eye was 8.94 ± 5.72 µV at phase 1, 8.50 ± 5.82 µV at phase 2, and
12.9 ± 14.7 µV at phase 3, and that in the non-injected fellow eye was 10.5 ± 6.43 µV at phase 1, 10.8 ±
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6.47 µV at phase 2, and 11.2 ± 6.74 µV at phase 3. No signi�cant differences were observed for any
comparisons in both eyes.

 

Subgroup analysis for different injected agents (Figure 3, Table 4)

Fifty eyes of 50 patients were injected with ranibizumab, 28 eyes of 28 patients were injected with
a�ibercept, and one eye of one patient was injected with bevacizumab. The eyes injected with
ranibizumab were compared to the eyes injected with a�ibercept. The mean age of the ranibizumab
group (22 men, 28 women) was 68.1 ± 13.5 years, and 18 eyes had AMD, 18 eyes had DME, and 14 eyes
had RVO with ME. The mean implicit time in the injected eye was 31.6 ± 3.45 msec at phase 1, 32.0 ±
3.45 msec at phase 2, and 32.5 ± 3.57 msec at phase 3, and that of the non-injected fellow eye was 30.8
± 3.24 msec at phase 1, 31.3 ± 3.51 msec at phase 2, and 31.5 ± 3.62 msec at phase 3. Signi�cant
differences between phase 1 and 2, and between phase1 and 3 were observed in both the injected and
non-injected eyes.

The mean amplitude of the injected eye was 7.18 ± 5.34 µV at phase 1, 6.68 ± 5.60 µV at phase 2, and
8.21 ± 9.97 µV at phase 3, and that in the non-injected fellow eye was 8.21 ± 6.00 µV at phase 1, 7.32 ±
4.79 µV at phase 2, and 8.31 ± 5.54 µV at phase 3. No signi�cant differences were found for any
comparisons in both eyes.

The mean age of the a�ibercept-injected group (21 men, 7 women) was 70.1 ± 11.0 years, and 19 eyes
had AMD, 6 eyes had DME, and 3 eyes had RVO with ME. The mean implicit time in the injected eye was
30.9 ± 2.43 msec at phase 1, 31.4 ± 2.09 msec at phase 2, and 31,8 ± 2.55 msec at phase 3, and that of
the non-injected fellow eyes was 30.2 ± 3.33 msec at phase 1, 31.0 ± 2.36 msec at phase 2, and 31.3 ±
2.85 msec at phase 3. Signi�cant differences between phase 1 and 2 and between phase1 and 3 were
observed in the injected eyes, and signi�cant difference was observed only between phase1 and 3 in the
non-injected eyes.

The mean amplitude in the injected eye was 11.5 ± 5.41 µV at phase 1, 10.0 ± 6.49 µV at phase 2, and
11.8 ± 6.45 µV at phase 3, and that in the non-injected fellow eyes was 11.7 ± 6.86 µV at phase 1, 12.5 ±
8.23 µV at phase 2, and 11.8 ± 6.80 µV at phase 3. No signi�cant difference was observed in any
comparisons in both eye.

None of the eyes had a serious complication during the course of this study.

Discussion
The amplitudes of the �icker ERGs were not signi�cantly different at the different phases in both eyes
and all the subgroups classi�ed by the injected agent or the disease. This is consistent with previous
studies [21-23]. However, this lack of signi�cant differences in the amplitudes of the �icker ERGs may be
due to the relatively large variations in the amplitudes of the �icker ERGs.
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On the other hand, the implicit times were signi�cantly longer at phase 2 and 3 than at the baseline
(phase 1) for each disease and for each injected agent except for phase 2 of the DME group. This differs
from the results of Yasuda et al who reported that the implicit times of the �icker ERGs of the injected
eyes were signi�cantly shortened from 32.2 ± 2.6 msec to 30.6 ± 2.2 msec at one month after an
intravitreal injection of ranibizumab in eyes with a central RVO [21]. They also reported that the implicit
times of the injected eyes were signi�cantly longer than that of the non-injected fellow eyes before the
injection of ranibizumab. However, they did not compare the implicit times of the non-injected fellow eyes
before and after the injection of ranibizumab into the affected eye. Holm et al reported that the implicit
time of the 30 Hz �icker full-�eld ERGs were signi�cantly shorter at 4 weeks after the third monthly
injection anti-VEGF agents in eyes with DME [22]. Gabriel et la reported that all components of the implicit
times and the amplitudes of the full-�eld ERGs were not signi�cantly different at 12 and 24 weeks after
the intravitreal injection of ziv-a�ibercept in eyes with diabetic retinopathy [23]. The major difference
between these studies and our study is the time when the parameters of the ERGs were assessed, viz., our
measurements were made within 24 h of the injection while the other studies made the measurements 4
to 12 weeks after the injection. It requires some time for any agents to exert their therapeutic effects such
as on the visual acuity or the improvement of macula edema. In our study, we may have been able to
detect the in�uence of the anti-VEGF agents on the retina at a very earlier phase rather than after the
therapeutic effects of the agents had occurred. Januschowski et al reported that no signi�cant reduction
in the amplitudes of the a- and b-waves of the isolated perfused bovine retina with a�ibercept was
observed at the end of the washout, but there were signi�cant reductions in those directly after an
exposure to a�ibercept [26]. Myers et al reported that the mean amplitude of b-wave was signi�cantly
reduced 8 weeks after the intravitreal injection of the different anti-VEGF agents in normal rabbits [27].
Although their research was on rabbits, the ERGs were recorded at different post-injection times, and they
showed a reduction in the b-wave amplitude. Our results are consistent with their conclusions that the
anti-VEGF agent affected the retinal function adversely.

Our result showed that no signi�cant difference in the implicit times of the non-injected fellow eye with
a�ibercept at phase 2 in contrast to that with ranibizumab at phase 2. This may be related to the
differences in the time required for the agent to reach the fellow eye. Avery et al reported that the serum
concentration of ranibizumab peaked at 3 hours after the intravitreal injection and a�ibercept peaked at 1
day after the intravitreal injection [28,29]. This difference in the peak times may support our results of a
time lag between the two agents.

In the perioperative period, we must consider the in�uence of the intraocular conditions that were
changed by the intravitreal injection. There is a possibility that the postoperative intraocular pressure
(IOP) may have had some in�uence on the ERG components. Miyake et al reported a prolongation of the
implicit time and a reduction in the amplitude on the intraoperative 30 Hz �icker ERGs during vitreous
surgery [30,31]. Yagura et al reported a signi�cant reduction in the amplitude and a prolongation of the
implicit times of several components of the photopic ERGs after an intravitreal injection when a
paracentesis was not performed [32]. They also reported that no signi�cant differences were observed in
the amplitudes and implicit times of almost all components of the photopic ERGs after an intravitreal
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injection followed by the aspiration of the aqueous humor by paracentesis. Although we did not measure
the IOP, we believe that the in�uence of the IOP was minimal because the method of injecting the agents
and IOP control were performed in the same way as Yagura et al. We measured the in�uence of the
intravitreal injection of anti-VEGF agents on the fellow eyes. Although it is possible to investigate the
agent concentration and VEGF activity in the injected eye, it is not ethically possible to collect specimens
from the fellow eyes. Therefore, the concentration and VEGF activity in the fellow eye were not available.
In contrast, our method has an advantage of being able to evaluate the effects of the agents non-
invasively. We found that there was a signi�cant delay or a trend in the delay of the implicit times in the
fellow eyes just as in the injected eye. These results suggest that anti-VEGF agents enter the systemic
circulation, reach and affect the fellow eyes. Avery et al reported that the serum concentration of anti-
VEGF agents increased and the plasma concentration of free VEGF decreased [28,29]. These �ndings are
consistent with the results of our study in term of the transfer to the systemic circulation.

Although anti-VEGF agents have become a standard treatment for AMD, DME, RVO with ME, and other
retinal diseases, only limited information is available concerning the in�uence of the anti-VEGF agents on
the fellow eye especially during the early periods. Further investigations on the long-term in�uence on the
non-injected fellow eye is needed.

Our study has several limitations. One is that some of the patients had the disease bilaterally, and the
non-injected fellow eye served as a control. We compared the changes relative to the baseline in the
fellow eye as well to alter the in�uence of the disease of the non-injected eye. However, the changes in
retinal function on the non-injected fellow eye should be carefully interpreted. Further investigations on
eyes with unilateral disease is necessary to strictly clarify the transfer effect of the intravitreally injected
agents on the healthy fellow eye.

Second, there may be other factors that might have affected the ERGs. For example, Horiguchi et al
reported on the in�uence of the vitreous temperature on the ERGs during vitrectomy [33]. However, we
believe that the change in the vitreous temperature was probably minimal. Third, the sample size was
relative small. When the eyes were classi�ed into the different groups by agents or by diseases, the
number decreased to less than 10 cases in some groups. It is necessary to collect more cases to assess
the in�uence of each agent on the same disease or the in�uence on each disease with the same agent.
Taking these limitations into consideration, we still believe that this study is clinically important in that we
could show the in�uence of the agent on the injected eye as well as non-injected fellow eye in the very
early postoperative period.

Conclusions
The results show that the implicit times of the �icker ERGs recorded with the RETeval system is prolonged
not only in the injected eye but also in the non-injected fellow eye shortly just after an intravitreal anti-
VEGF agent injection. It is necessary to evaluate the long-term in�uence of anti-VEGF agents of the fellow
eye.



Page 9/18

Abbreviations
anti-VEGF: anti-vascular endothelial growth factor

U.S. FDA: the United States Food and Drug Administration

AMD: age-related macular degeneration

DME: diabetic macular edema

RVO: retinal vein occlusion

ME: macula edema

ERG: electroretinography

IOP: intraocular pressure

Declarations
Ethics approval and consent to participate

All of the patients gave a written informed consent and the study was conducted in accordance with the
tenets of Declaration of Helsinki and approved by the Ethics Committee of the Teikyo University School of
Medicine (study ID number: 14-122).

Consent for publication

Consent for publication was obtained from the patient of Figure.1.

Availability of data and material

The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

Support of this study was provided by Research Grants on Sensory and Communicative Disorders from
the Ministry of Health, Labor, and Welfare, Japan.

This funding contributed to purchasing recording equipment and English editing. The design of the study
and collection, analysis, and interpretation of data was performed without using the funding. This study



Page 10/18

was conducted at Teikyo University Hospital, and all authors have no proprietary interest.

Authors’ contributions

GT and KS made the conception and design of the study and analyzed the ERG parameters. GT, KM, and
HS collected and arranged the data (ERG recordings demographics, visual acuity, and date). GT made the
statistical analyzes. GT, KS, SM, AM, and YM made the interpretation of data. YM gave critical comment.
GT drafted the manuscript. KS was a major contributor editing it. All authors read and approved the �nal
manuscript.

Acknowledgements

We acknowledge Prof. Duco Hamasaki for language editing.

References
1. Martin DF, Maguire MG, Fine SL, Ying GS, Jaffe GJ, Grunwald JE, et al. Ranibizumab and

bevacizumab for treatment of neovascular age-related macular degeneration: two-year results.
Ophthalmology. 2012;119:1388-98.

2. Heier JS, Brown DM, Chong V, Korobelnik JF, Kaiser PK, Nguyen QD, et al. Intravitreal a�ibercept
(VEGF trap-eye) in wet age-related macular degeneration. Ophthalmology. 2012;119:2537-48.

3. Talks JS, Lotery AJ, Ghanchi F, Sivaprasad S, Johnston RL, Patel N, et al. First-Year Visual Acuity
Outcomes of Providing A�ibercept According to the VIEW Study Protocol for Age-Related Macular
Degeneration. Ophthalmology. 2016;123:337-43.

4. Lichter JB, Vogel R, Han Y, Bui TV, Singeman LJ. Investigation of oral fenretinide for treatment of
geographic atrophy in age-related macular degeneration. RETINA. 2013;33:498-507.

5. Cunningham ET Jr, Adamis AP, Altaweel M, Aiello LP, Bressler NM, D'Amico DJ, et al. A phase II
randomized double-masked trial of pegaptanib, and anti-vascular endothelial growth factor aptamer,
for diabetic macular edema. Ophthalmology. 2005;112:1747-57.

�. Chun DW, Heier JS, Topping TM, Duker JS, Bankert JM. A pilot study of multiple intravitreal injections
of ranibizumab in patients with center-involving clinically signi�cant diabetic macular edema.
Ophthalmology. 2006;113:1706-12.

7. Jardeleza MS, Miller JW. Review of anti-VEGF therapy in proliferative diabetic retinopathy. Semin
Ophthalmol. 2009;24:87-92.

�. Massin P, Bandello F, Garweg JG, Hansen LL, Harding SP, Larsen M, et al. Safety and e�cacy of
ranibizumab in diabetic macular edema (RESOLVE study):1 12-month, randomized, controlled,
double-masked, multicenter phase II study. Diabetes Care. 2010;33:2399-405.

9. Ip MS, Domalpally A, Hopkins JJ, Wong P, Ehrlich JS. Long-term effects of ranibizumab on diabetic
retinopathy severity and progression. Arch Ophthalmol. 2012;130:1145-52.

https://www.ncbi.nlm.nih.gov/pubmed/23084240
https://www.ncbi.nlm.nih.gov/pubmed/26578446
https://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Amico%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=16154196
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larsen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20980427


Page 11/18

10. Adamis AP, Altaweel M, Bressler NM, Cunningham ET Jr, Davis MD, Goldbaum M, et al. Changes in
retinal neovascularization after pegaptanib (Macugen) therapy in diabetic individuals.
Ophthalmology. 2006;113:23-8.

11. Campochiaro PA, Heier JS, Feiner L, Gray S, Saroj N, Rundle AC, et al. Ranibizumab for Macular
Edema following Branch Retinal Vein Occlusion. Six-month primary end point results of a phase III
study. Ophthalmology. 2010;117:1102-12.

12. Brown DM, Campochiaro PA, Singh RP, Li Z, Gray S, Saroj N, et al. Ranibizumab for Macular Edema
following Central Retinal Vein Occlusion. Six-month primary end point results of a phase III study.
Ophthalmology. 2010;117:1124-33.

13. Brown DM, Heier JS, Clark WL, Boyer DS, Vitti R, Berliner AJ, et al. Intravitreal A�ibercept Injection for
Macular Edema Secondary to Central Retinal Vein Occlusion: 1-Year Results From the Phase 3
COPERNICUS study. Am J Ophthalmol. 2013;155:429-37.

14. Folgar FA, Toth CA, DeCroos FC, Girach A, Pakola S, Jaffe GJ. Assessment of Retinal Morphology
with Spectral and Time Domain OCT in the Phase III Trials of Enzymatic Vitreolysis. Invest
Ophthalmol Vis Sci. 2013;53:7395-401.

15. Fileta JB, Scott IU, Flynn HW Jr. Meta-analysis of infectious endophthalmitis after intravitreal
injection of anti-vascular endothelial growth factor agents. Ophthalmic Surg Lasers Imaging Retina.
2014;45:143-9.

1�. Rayess N, Rahimy E, Storey P, Shah CP, Wolfe JD, Chen E, et al. Postinjection Endophthalmitis Rates
and Characteristics Following Intravitreal Bevacizumab, Ranibizumab, and A�ibercept. Am J
Ophthalmol. 2016;165:88-93.

17. Yokoyama K, Choshi T, Kimoto K, Shinoda K, Nakatsuka K. Retinal circulatory disturbances following
intracameral injection of bevacizumab for neovascular glaucoma. Acta Ophthalmol. 2008;86:927-8.

1�. Karabag RY, Parlak M, Cetin G, Yaman A, Osman Saarci A. Retinal tears and rhegmatogeous retinal
detachment after intravitreal injections: its prevalence and case reports. Digit J Ophthalmol.
2015;21:8-10.

19. Avery RL, Gordon GM. Systemic Safety of Prolonged Monthly Anti-Vascular Endothelial Growth
Factor Therapy for Diabetic Macular Edema. JAMA Ophthalmol. 2016;134:21-9.

20. Yashuda S, Kachi S, Ueno S, Piao CH, Terasaki H. Flicker electroretinogram before and after
intravitreal ranibizumab injection in eyes with central retinal vein occlusion. Acta Ophthalmol.
2015;93:e465-8.

21. Holm K, Schroeder M, Lövestam AM. Peripheral retinal function assessed with 30-Hz �icker seems to
improve after treatment with Lucentis in patients with diabetic macular oedema. Doc Ophthalmol.
2015;131:43-51.

22. Andrade GC, Dias JR, Maia A, Farah ME, Meyer CH, Rodrigues EB. Intravitreal injection of ziv-
a�ibercept for diabetic macular edema: A pilot Study. Retina. 2016;36:1640-5.

23. Nakamura N, Fujinami K, Mizuno Y, Noda T, Tsunoda K. Evaluation of cone function by a handheld
non-mydriatic �icker electroretinogram device. Clin Ophthalmology. 2016;10:1175-85.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldbaum%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16343627
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rundle%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=20398941
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berliner%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=23218699
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaffe%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=23033391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26944277
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=26991646


Page 12/18

24. Kato K, Kondo M, Sugimoto M, Ikesugi K, Matsubara H. Effect of Pupil Size on Flicker ERGs Recorded
with RETeval System: New Mydriasis-Free Full-Field ERG System. Invest Ophthalmol Vis Sci.
2015;56:3684-90.

25. Januschowski K, Schnichels S, Hagemann U, Koch V, Hofmann J, Spitzer MS, et al.
Electrophysiological toxicity testing of VEGF Trap-Eye in an isolated perfused vertebrate retina organ
culture model. Acta Ophthalmol. 2014;92:e305-11.

2�. Myers AC, Lövestam Adrian M, Bruun A, Ghosh F, Andreasson S, Ponjavic V. Retinal Function and
Morphology in Rabbit After Intravitreal Injection of VEGF Inhibitors. Curr Eye Res. 2012;37:399-407.

27. Avery RL, Castellarin AA, Steinle NC, Dhoot DS, Pieramici DJ, See R, et al. Systemic pharmacokinetics
following intravitreal injections of ranibizumab, bevacizumab or a�ibercept in patients with
neovascular AMD. Br J Ophthalmol. 2014;98:1636-41.

2�. Avery RL, Castellarin AA, Steinle NC, Dhoot DS, Pieramici DJ, See R, et al. Systemic pharmacokinetics
and pharmacodynamics of intravitreal a�ibercept, bevacizumab, and ranibizumab. Retina.
2017;37:1847-58.

29. Miyake Y, Yagasaki K, Horiguchi M. Electroretinographic monitoring of retinal function during eye
surgery. Arch Ophthalmol. 1991:109;1123-6.

30. Miyake Y, Horigchi M. Electroretinographic alterations during vitrectomy in human eyes. Graefe’s Arch
Clin Exp Ophthalmol. 1998:236;13-7.

31. Yagura K, Shinoda K, Matsumoto S, Terauchi G, Kawashima M, Watanabe E, et al.
Electroretinographic evaluations of retinal function before, just after, and after intravitreal injections.
Sci. Rep. 2016:6;31104.

32. Horiguchi M, Miyake Y. Effect of temperature on electroretinography readings during closed
vitrectomy in humans. Arch Ophthalmol. 1991:109;1127-9.

Tables

Table 1. Number of eyes injected by disease and by injected agent.

  AMD DME RVO with ME total

ranibizumab 18 18 14 50

aflibercept 19 6 3 28

total 37 24 17 78

Patient breakdown by disease and by injected agent.

AMD; age-related macular degeneration
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DME; diabetic macular edema

RVO with ME; retinal vein occlusion with macular edema

 

Table 2. The results including all cases.

n=79 (male: 44, female: 35 )

mean age 68.9±12.6 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

31.2±3.18 31.7±3.06*

 p=0.0001

32.2±3.31*

 p=0.00000

amplitude

(uV)

8.66±5.72 7.88±6.07

 p=0.168

9.46±8.93

 p=0.308

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

30.5±3.30 31.1±3.18*

 p=0.0028

31.3±3.39*

 p=0.00000

amplitude

(uV)

9.41±6.48 9.15±6.66

 p=0.618

9.51±6.19

 p=0.832

The results of 28 Hz flicker electroretinogram components including all patients before classification by disease

of by injected agent. The ERGs were recorded before the injection (phase 1), within 2 hours after the injection

(phase 2), and 2 to 24 hours after the injection (phase 3).

mean ± standard deviation

*; significant difference compared with phase 1 as baseline

 

Table 3. The results of analyzing by disease.

Table 3-1. The ERG responses before and after injection in eyes with AMD
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AMD n=37 (male: 24  female: 13 )

mean age 74.1±8.58 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

29.9±1.75 30.4±1.64*

 p=0.0084

30.8±2.14*

 p=0.00000

amplitude

(uV)

8.99±5.74 8.12±6.43

 p=0.402

9.04±6.34

 p=0.934

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

29.5±2.46 30.4±2.11*

 p=0.023

30.6±2.35*

 p=0.00058

amplitude

(uV)

10.1±7.16 9.63±7.27

 p=0.635

9.81±6.18

 p=0.735

 

Table 3-2. The ERG responses before and after injection in eyes with DME

DME n=24 (male: 14  female: 10 )

mean age 59.9±11.3 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

33.6±3.22 34.2±3.15

 p=0.06

34.7±3.09*

 p=0.00011

Amplitude

(uV)

7.95±5.88 7.05±5.83

 p=0.312

7.56±5.88

 p=0.319

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

33.6±3.10 34.1±3.10

 p=0.109

34.3±3.40*

 p=0.0046

Amplitude

(uV)

7.53±5.13 7.15±5.47

 p=0.579

7.81±5.59

 p=0.555

  

Table 3-3. The ERG responses before and after injection in eyes with ME associated with RVO
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RVO with ME n=18 (male: 6  female: 12 )

mean age 70.1±14.9 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

30.7±3.68 31.3±3.37*

 p=0.038

31.6±3.79*

 p=0.00091

Amplitude

(uV)

8.94±5.72 8.50±5.82

 p=0.499

12.9±14.7

 p=0.228

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

28.4±1.93 28.6±2.00

 p=0.281

28.9±2.30

 p=0.177

amplitude

(uV)

10.5±6.43 10.8±6.47

 p=0.549

11.2±6.74

 p=0.320

 The results of 28 Hz flicker electroretinogram components classified by disease. The ERGs were recorded

before the injection (phase 1), within 2 hours after the injection (phase 2), and 2 to 24 hours after the injection

(phase 3).

mean ± standard deviation

*; significant difference compared with phase 1 as baseline

AMD; age-related macular degeneration

DME; diabetic macular edema

RVO with ME; retinal vein occlusion with macular edema

 

Table 4. The results of analyzing by injected agent.

Table 4-1. The ERG responses before and after injection in eyes treated by ranibizumab
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ranibizumab n=50 (male: 22, female: 28)

mean age 68.1±13.5 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

31.6±3.45 32.0±3.45*

 p=0.0039

32.5±3.57*

 p=0.00000

amplitude

(uV)

7.18±5.34 6.68±5.60

 p=0.484

8.21±9.97

 p=0.376

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

30.8±3.24 31.3±3.51*

 p=0.021

31.5±3.62*

 p=0.0017

amplitude

(uV)

8.21±6.00 7.32±4.79

 p=0.150

8.31±5.54

 p=0.867

 

Table 4-2. The ERG responses before and after injection in eyes treated by aflibercept

aflibercept n=28 (male: 21, female: 7)

mean age 70.1±11.0 y.o.

injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

30.9±2.43 31.4±2.09*

 p=0.020

31.8±2.55*

 p=0.00000

amplitude

(uV)

11.5±5.41 10.0±6.49

 p=0.132

11.8±6.45

 p=0.732

non-injected eye Phase 1 Phase 2 Phase 3

implicit time

(msec.)

30.2±3.33 31.0±2.36

 p=0.058

31.3±2.85*

 p=0.0013

amplitude

(uV)

11.7±6.86 12.5±8.23

 p=0.399

11.8±6.80

 p=0.923

The results of 28 Hz flicker electroretinogram components classified by injected agent. The ERGs were recorded

before the injection (phase 1), within 2 hours after the injection (phase 2), and 2 to 24 hours after the injection

(phase 3).

mean ± standard deviation

*; significant difference compared with phase 1 as baseline
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Figures

Figure 1

The image of measuring 28 Hz �icker ERG using RETeval® - The image showed that demonstration of
the measuring 28 Hz �icker electroretinogram used by RETeval® under the room lighting.
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Figure 2

Implicit times of each eye segregated by disease - The graph of the implicit time of each eye segregated
by disease before (phase1), within 2 hours after the injection (phase 2), and 2 to 24 hours after the
injection (phase 3). The implicit times were signi�cantly longer at phase 2 and 3 than at phase 1.

Figure 3

Implicit time of each eye segregated by the injected agent - The implicit time of each eye segregated by
injected agent before (phase 1), within 2 hours after the injection (phase 2), and 2 to 24 hours after the
injection (phase 3). The implicit times were longer at phase 2 and 3 than at phase 1 as the baseline. *; P
<0.05


