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Purpose: To compare monthly versus pro re nata (PRN) ranibizumab injections in the 
treatment of exudative macular degeneration (AMD) while assessing the utility of micro-
perimetry (MP) and multifocal electroretinography (mfERG) testing when monitoring 
response to treatment.
Methods: A randomized exploratory trial comparing the efficacy of monthly versus PRN 
dosing of ranibizumab (0.5 mg or 2.0 mg) for patients with exudative AMD over 12 months. 
High-resolution optical coherence tomography (HR-OCT) studies were used to guide PRN 
treatment and any cystic spaces or subretinal fluid prompted retreatment. Macular function 
was assessed using mean sensitivity on MP and N1-P1 response density on mfERG. Best- 
corrected visual acuity (BCVA) was measured with Early Treatment Diabetic Retinopathy 
Study (ETDRS) letters and anatomic response assessed with central foveal thickness (CFT) 
using HR-OCT studies.
Results: The 12-month study was completed by 43 patients in the PRN cohort and 33 
patients in the monthly cohort. Mean BCVA improved by 6.0 ± 1.3 ETDRS letters in the 
PRN cohort compared to 7.3 ± 2.8 ETDRS letters in the monthly cohort (p=0.68). 
A reduction in mean CFT of 64.5 ± 13.3 and 96.3 ± 22.0 µm occurred in the PRN and 
monthly cohorts, respectively (p=0.22). Macular function assessed with mfERG decreased 
comparably in both the PRN and monthly cohorts (p=0.33). For all patients, average mean 
sensitivity significantly improved by 1.7 ± 0.5 dB (p<0.05) and N1-P1 response density 
significantly decreased by 0.52 ± 0.21 nV/deg2 (p<0.05).
Conclusion: Both PRN and monthly treatment of exudative AMD with ranibizumab 
improve visual function as assessed by BCVA and MP. Macular thickening also improved 
as demonstrated by HR-OCT findings. However, the decreased retinal function noted by 
mfERG suggests that some loss of retinal function still occurs despite effective treatment. 
These measures of visual function may be useful in assessing retinal health and response to 
treatment in future clinical trials.
Keywords: age-related macular degeneration, microperimetry, multifocal ERG, ranibizumab

Introduction
Age-related macular degeneration (AMD) remains the leading cause of blindness in 
adults over 50 years of age in developed nations throughout the world and the third 
leading cause globally.1,2 Approximately 11 million individuals are affected with 
AMD in the United States with a global prevalence of 170 million.1 The disease is 
categorized into nonexudative and exudative AMD with the latter referring to the 
advanced neovascular stage of the disease. The current mainstay of treatment for 

Correspondence: Ron P Gallemore  
Tel +1 (310) 944-9393  
Fax +1 (310) 944-3393  
Email rongallemoremd@gmail.com

submit your manuscript | www.dovepress.com Clinical Ophthalmology 2020:14 3599–3610                                                                 3599

http://doi.org/10.2147/OPTH.S270243 

DovePress © 2020 Asahi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

http://orcid.org/0000-0002-5624-1458
http://orcid.org/0000-0002-6116-6026
mailto:rongallemoremd@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


neovascular AMD (nAMD) is intravitreal anti-vascular 
endothelial growth factor (anti-VEGF) injections delivered 
utilizing various treatment protocols.

Multiple anti-VEGF drugs are available to treat nAMD, 
but the four most commonly utilized include bevacizumab 
(Avastin; Genentech, Inc., South San Francisco, CA, USA), 
ranibizumab (Lucentis; Genentech; South San Francisco, 
CA), aflibercept (Eylea; Regeneron; Tarrytown, NY), and 
most recently, brolucizumab (Beovu; Novartis; Basel, 
Switzerland). Ranibizumab was the first drug approved by 
the FDA for the treatment of nAMD. The initial clinical trials 
of this agent utilized a monthly injection protocol for one to 
two years with further studies utilizing an as needed (PRN) 
dosing.3–9 As needed dosing uses multiple parameters, 
including the presence of fluid on optical coherence tomo-
graphy (OCT), to determine whether treatment is required at 
each visit. Other protocols have also been utilized, including 
quarterly injections and treat and extend protocol.10,11 Repeat 
injections incur a financial burden to patients and can carry 
risks such as atrophy.12

The majority of studies investigating ranibizumab have 
used best-corrected visual acuity (BCVA) as the primary 
measure of improvement.4–10,13 Although a valid measure, 
there are cases where BCVA does not accurately reflect the 
health of the retina. Underlying pathology of the retina or 
potential for vision to decline further are situations that are 
not addressed using BCVA alone. High-resolution OCT 
(HR-OCT) has the ability to locate fluid in the macula 
and can provide an indication to treat with PRN therapy 
based on anatomical indications, but fails to provide infor-
mation regarding retinal function. Multifocal electroretino-
graphy (mfERG) and microperimetry (MP) represent 
diagnostic modalities that have been utilized for various 
retinal pathologies to evaluate retinal function.14,15 In the 
present study, we assess the safety and efficacy of PRN 
versus monthly ranibizumab therapy for nAMD using the 
multiple endpoints of BCVA, HR-OCT, MP and mfERG.

Methods
Study Design
This randomized exploratory trial was performed in 
a single-center conducted from January 2009 to 
November 2011. All patients gave written informed con-
sent. Institutional Review Board/Ethics Committee 
approval was obtained for the study protocol by Western 
Institutional Review Board (Protocol #20,081,560) and the 
study was registered on clinicaltrials.gov as 

NCT00764738. The trial was conducted in accordance 
with the Declaration of Helsinki. Support for this investi-
gator sponsored trial was provided by Genentech, Inc.

Patients
Patients diagnosed with active nAMD were enrolled in this 
12-month study. Major exclusion criteria included pre-
sence of concurrent eye disease in the study eye (eg, 
diabetic retinopathy), previous treatment with photody-
namic therapy (PDT), intravitreal steroid therapy within 
the past 3 months, and anti-VEGF therapy within a month 
of study enrollment.

After screening, patients were stratified into either 
treatment-naïve or previously treated groups. Patients 
were then randomized into 1) 0.5 mg ranibizumab monthly 
or 2) 0.5 mg ranibizumab PRN. After group 1 and 2 
enrollment was complete, patients subsequently enrolling 
were randomized into 3) 2.0 mg ranibizumab monthly 
or 4) 2.0 mg ranibizumab PRN. Treatment in the PRN 
cohorts was initially monthly for 4 months followed by 
PRN thereafter with monthly visits and treatment deter-
mined based on the presence of fluid on HR-OCT testing.

Assessments
Monthly evaluations included a full ophthalmic examination, 
BCVA in Early Treatment Diabetic Retinopathy Study 
(ETDRS) letters, and HR-OCT (Cirrus HD-OCT; Carl 
Zeiss Meditec, Dublin, CA) with central foveal thickness 
(CFT) measurement. If segmentation errors of the ILM- 
RPE were encountered during the scan, these were corrected 
manually prior to analysis. Assessment with mfERG (UTAS- 
E300; LKC Technologies, Gaithersburg, MD) and MP (MP- 
1 microperimeter; Nidek Technologies, Padova, Italy) were 
performed for all studied patients. For groups receiving 
monthly treatment, these assessments were performed at 
baseline, and at months 3, 5, 8 and 12. Groups receiving 
PRN treatment were assessed at baseline, months 3 and 5, 
then monthly thereafter. On mfERG, N1-P1 response density 
was measured as the difference from the first positive peak 
(P1) to the first negative peak (N1). All mfERG measure-
ments were made within the first ring including P1 latency 
and P1, N1, and N1-P1 response densities. Response density 
was calculated as the amplitude/unit area within the first ring 
(nv/deg2). Due to required maintenance on the mfERG many 
patients failed to obtain complete data, missing values were 
imputed based on a last observation carried forward techni-
que. Mean sensitivity on MP was calculated by averaging the 
stimulus intensity at all 40 measurement points.
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Statistical Analysis
Statistical analysis was performed in those patients that 
completed the 12-month trial. Paired Student’s t-tests were 
used to compare baseline to final visit response for all 
cohorts. Given significant heterogeneity in mfERG base-
line data, comparisons between cohorts (monthly versus 
PRN, treatment naïve versus previously treated, and 
0.5 mg versus 2.0 mg ranibizumab) was performed utiliz-
ing a two-way repeated-measures analysis of variance 
(ANOVA), all other cohort comparisons were performed 
with Student’s t-test. For all such statistical analysis, data 
were considered significant for p-values less than 0.05.

Results
Patients and Treatment
Ninety-one patients were enrolled with 77 completing the 
study, Table 1 presents baseline characteristics for these 
patients. Of the patients who failed to complete the study, 
the majority withdrew or were lost to follow-up after their 

screening visit with 3 patients passing away prior to com-
pletion. Within the PRN treatment group, patients received 
an average of 9.41 ± 0.34 injections out of a possible 12 
injections.

Visual Acuity and Central Foveal 
Thickness
For all patients that completed the 12-month study, BCVA 
significantly increased by a mean of 6.57 ± 1.41 ETDRS 
letters (p < 0.001) and mean CFT decreased by −78.32 ± 
12.23 µm (p < 0.005). For the group receiving PRN ranibi-
zumab, BCVA increased by a mean of 6.00 ± 1.25 ETDRS 
letters (p < 0.005) and CFT decreased by a mean 64.53 ± 
13.33 µm (p < 0.005). In patients receiving monthly ranibi-
zumab, BCVA increased by a mean 7.30 ± 2.82 ETDRS 
letters (p < 0.05) and CFT decreased by a mean of 96.27 ± 
22.04 µm (p < 0.005). The mean change in BCVA and CFT 
at 12 months improved more in the monthly cohort than in 
the PRN cohort, but neither difference was statistically 

Table 1 Baseline Demographics

Protocol Monthly 
(n = 34)

PRN 
(n = 43)

P-value*

Ranibizumab Dosing 0.5 mg 
(n = 22)

2.0 mg 
(n = 12)

0.5 mg 
(n = 25)

2.0 mg 
(n = 18)

Age (years)  

Mean ± S.E.M. 79.6 ± 1.0 75.3 ± 1.4 75.8 ± 0.8 78.8 ± 1.0

Gender  

Male: Female 11:11 6: 6 10: 15 7: 11

Ethnicity

Caucasian (%) 17 (77.3%) 6 (50%) 18(72,0%) 12(66.7%)
Hispanic (%) 4 (18.2%) 1 (8.3%) 7 (28.0%) 4 (22.2%)

African American (%) 0 (0%) 1 (8.3%) 0 (0%) 0 (0%)

Asian (%) 1 (4.5%) 4 (33.3%) 0 (0%) 2 (11.1%)

Lens Status  

Phakic: Pseudophakic 12: 8 5: 7 19: 6 10: 8

BCVA (ETDRS Letters)  

Mean ± S.E.M. 48.7 ± 4.0 52.6 ± 3.3 p = 0.46

Central Foveal Thickness (µm)  

Mean ± S.E.M. 341.2 ± 21.9 298.1 ± 16.8 p = 0.12

Mean Sensitivity (dB)  

Mean ± S.E.M. 5.5 ± 0.8 5.1 ± 0.7 p = 0.76

N1-P1 Response Density (nV/deg2)  

Mean ± S.E.M. 3.6 ± 0.4 5.3 ± 0.4 p < 0.05

Note: * Student’s t-test. 
Abbreviations: S.E.M., standard error of means; BCVA, best-corrected visual acuity; ETDRS, early treatment diabetic retinopathy study.
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significant (p = 0.68 and 0.22, respectively). Comparison of 
treatment naïve and previously treated subgroups demon-
strated a greater mean improvement in the treatment-naïve 
subgroup for both BCVA (p = 0.32) and CFT (p < 0.005). 
Both 0.5 mg and 2.0 mg ranibizumab demonstrated similar 
improvements in BCVA (p > 0.99) and CFT (p = 0.71). 
Figures 1 and 2 respectively demonstrate BCVA and CFT 
change over time.

Multifocal Electroretinography and 
Microperimetry
Mean N1-P1 response density and P1 response density 
on mfERG decreased for all studied patients from 4.22 ± 
0.32 to 3.70 ± 0.29 and 2.88 ± 0.23 to 2.41 ± 0.18 nv/ 
deg2, respectively (p < 0.05). Comparing the monthly 
and PRN, treatment naive and previously treated, 0.5 and 
2.0 mg subgroups demonstrated a non-significant differ-
ence in the change in mean N1-P1 and P1 response 
densities (Table 1). Evaluation of mean N1 response 
density revealed a non-significant improvement in all 
studied eyes (p = 0.91). Comparison of mean change in 
N1 response density for the treatment naïve and pre-
viously treated cohorts revealed a significantly greater 
improvement in the treatment-naïve cohort (p < 0.05; 
Table 2). For all studied patients, P1 latency on 
mfERG did not significantly change from baseline to 
final visit (p = 0.69). Phakic and pseudophakic eyes 
were noted to have similar changes in P1, N1 and N1- 
P1 response densities over the study (Table 3). 
Microperimetry demonstrated a significant improvement 
at 12 months in mean sensitivity for all studied patients, 
5.28 ± 0.54 to 7.20 ± 0.57 dB (p < 0.05). Mean sensi-
tivity improved significantly more for the treatment- 
naive cohort, 3.00 ± 0.75 dB, than the previously treated 
cohort, 0.06 ± 0.50 dB (p < 0.005). There was no sig-
nificant difference in the comparison of the monthly and 
PRN or 0.5 and 2.0 mg cohorts (p = 0.25 and 0.67, 
respectively). Figures 3 and 4 respectively demonstrate 
the screening and final visit average measurements for 
mfERG and MP data.

Complications
Four patients developed adverse reactions, but none 
required withdrawal due to these complications. Mild 
adverse reactions included a patient with mild ocular dis-
comfort and another who developed a corneal abrasion 
following injections. More serious adverse reactions 

included a vitreous hemorrhage and a patient who devel-
oped uveitic glaucoma.

Discussion
In the present study we found that both monthly and PRN 
dosing of ranibizumab achieved significant improvements 
in visual acuity and reduction in central macular thickness 
with a greater, but not significant, improvement in the 
monthly cohorts. Treatment on a PRN protocol required, 
on average, three less treatments. The utilization of 
mfERG and MP can also provide additional information 
regarding retinal function in response to ranibizumab 
treatment.

Ranibizumab 0.5mg vs Ranibizumab 2.0mg
Both ranibizumab treatment groups demonstrated similar 
improvements in BCVA and CFT (Figures 1A and 2A). 
The 2.0mg dose did not show any clinically meaningful 
difference in efficacy or safety compared with the 0.5mg 
ranibizumab dose. These findings are consistent with pre-
vious studies.7,16

Prior Treatment vs Naïve Treatment 
Groups
Consistently, prior treatment groups showed less potential 
to improve compared to the naïve treatment groups 
(Figures 1B and 2B). Interestingly, the findings on OCT 
and MP were the only modalities to demonstrate 
a significant difference in these cohorts (Figures 2B and 
4). The previously treated cohort achieved less robust 
results due in large part to the chronic nAMD.17 Many 
of these patients may have developed tachyphylaxis to 
ranibizumab, which limited their improvement and resolu-
tion of recalcitrant fluid.18 Switching those patients that 
may have developed tachyphylaxis to ranibizumab to 
another anti-VEGF agent may have been more effective 
in reducing macular thickness and improving BCVA.19 

The notable difference in MP results is due in large part 
to the significant improvement appreciated in the treat-
ment-naïve cohort (the only studied cohort with such 
a notable improvement). This is likely representative of 
the response that recently converted nAMD has to anti- 
VEGF agents and, as such, may be a useful parameter for 
future studies on nAMD patients especially in those who 
are treatment naïve.20
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Figure 1 Change from screening in best-corrected visual acuity (BCVA) at each study visit for the (A) ranibizumab 0.5mg (white circle) vs ranibizumab 2.0mg (black circle), 
(B) treatment naïve (white circle) vs previously treated (black circle), and (C) monthly (white circle) vs as needed (PRN) (black circle) cohorts. Statistically significant 
improvements were noted from screening to 12 months for all studied cohorts (p < 0.05). Comparison of cohorts change at 12 months did not reveal a statistically 
significant difference between any of the studied cohorts.
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Figure 2 Change from screening in central foveal thickness (CFT) at each study visit for the (A) ranibizumab 0.5mg (white circle) vs ranibizumab 2.0mg (black circle), (B) 
treatment naïve (white circle) vs previously treated (black circle), and (C) monthly (white circle) vs as needed (PRN) (black circle) cohorts. Statistically significant 
improvements were noted from screening to 12 months for all studied cohorts (p < 0.05). Comparison of change at 12 months revealed a significantly greater improvement 
in the treatment-naive cohort compared to the previously treated cohort (p < 0.05). Both the 0.5mg vs 2.0mg and monthly vs PRN cohorts did not have a significant 
difference in change in CFT at 12 months (p = 0.71 and 0.22, respectively).
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PRN vs Monthly
Treatment protocols for anti-VEGF injections have 
evolved over the years with options including monthly, 
PRN, and treat-and-extend (TAE). Monthly injections 
represent the original treatment strategy whereas the 
other options such as PRN and TAE dosing decrease the 
injection burden on patients. In the present study, we 
evaluated monthly against PRN dosing and found no sig-
nificant difference in BCVA or CMT at 12 months of 
treatment (Figures 1C and 2C). Although not statistically 
significant, there was a trend towards better vision and 
reduction in CMT with monthly compared to PRN dosing. 
Overall, patients in the PRN dosing group required an 
average of 9 out of a possible 12 injections, which 
included the initial 4 scheduled monthly injections.

Previous studies have similarly evaluated monthly and 
PRN dosing regimens head to head. The consensus from 
these previous studies appears consistent with the findings 
in our study: PRN dosing offers similar treatment efficacy 
at a lower injection burden than monthly 
treatment.7,8,16,21,22 A systematic review and network 
meta-analysis assessing the clinical effectiveness of rani-
bizumab on a TAE regimen in nAMD found that TAE 
regimen yields similar effectiveness compared to other 

Table 2 Multifocal Electroretinography Cohort Comparisons

Treatment Cohorts

Monthly PRN Treatment Naïve Previously Treated 0.5 mg 2.0 mg

N1-P1 Response Density (nv/deg2)

Baseline (Mean ± S.E.M.) 3.60 ± 0.38 5.28 ± 0.43 4.67 ± 0.42 4.39 ± 0.48 4.93 ± 0.44 3.97 ± 0.41
Final Visit (Mean ± S.E.M.) 3.36 ± 0.36 4.65 ± 0.38 4.24 ± 0.35 3.89 ± 0.47 4.41 ± 0.39 3.61 ± 0.38

Change* (Mean ± S.E.M.) −0.23 ± 0.28 −0.63 ± 0.30 −0.43 ± 0.29 −0.50 ± 0.30 −0.52 ± 0.30 −0.36 ± 0.25

P-value† 0.30 0.99 0.60

P1 Response Density (nv/deg2)
Baseline (Mean ± S.E.M.) 2.11 ± 0.24 3.47 ± 0.32 3.05 ± 0.31 2.63 ± 0.32 3.07 ± 0.32 2.59 ± 0.30

Final Visit (Mean ± S.E.M.) 1.94 ± 0.21 2.77 ± 0.26 2.43 ± 0.23 2.38 ± 0.30 2.63 ± 0.25 2.07 ± 0.24

Change* (Mean ± S.E.M.) −0.17 ± 0.15 −0.47 ± 0.29 −0.62 ± 0.25 −0.24 ± 0.24 −0.43 ± 0.24 −0.52 ± 0.26

P-value† 0.13 0.62 0.84

N1 Response Density (nv/deg2)

Baseline (Mean ± S.E.M.) −1.49 ± 0.16 −1.81 ± 0.16 −1.61 ± 0.14 −1.7 ± 0.20 −1.86 ± 0.16 −1.38 ± 0.13

Final Visit (Mean ± S.E.M.) −1.42 ± 0.17 −1.88 ± 0.21 −1.86 ± 0.18 −1.4 ± 0.22 −1.77 ± 0.16 −1.55 ± 0.27
Change* (Mean ± S.E.M.) −0.06 ± 0.18 0.16 ± 0.21 0.24 ± 0.17 −0.31 ± 0.15 −0.08 ± 0.14 0.16 ± 0.23

P-value† 0.76 0.01 0.58

Notes: *Change measured from baseline to final visit, †Two-way repeated measures ANOVA.

Table 3 Lens Status and Multifocal Electroretinography Data

Phakic 
(n = 31)

Pseudophakic 
(n = 20)

P-value†

N1-P1 Response Density (nv/deg2)

Baseline  

Mean ± S.E.M. 4.22 ± 0.44 4.21 ± 0.46 0.99

Final Visit  
Mean ± S.E.M. 3.78 ± 0.39 3.56 ± 0.43 0.70

Change*  

Mean ± S.E.M. −0.43 ± 0.25 −0.64 ± 0.36 0.63

P1 Response Density (nv/deg2)

Baseline  

Mean ± S.E.M. 2.93 ± 0.31 2.79 ± 0.33 0.76

Final Visit  
Mean ± S.E.M. 2.5 ± 0.25 2.27 ± 0.25 0.54

Change*  

Mean ± S.E.M. −0.43 ± 0.23 −0.51 ± 0.29 0.83

N1 Response Density (nv/deg2)

Baseline  

Mean ± S.E.M. −1.64 ± 0.15 −1.72 ± 0.19 0.73
Final Visit  

Mean ± S.E.M. −1.74 ± 0.15 −1.60 ± 0.29 0.69

Change*  
Mean ± S.E.M. 0.10 ± 0.12 −0.11 ± 0.26 0.46

Notes: *Change measured from baseline to final visit, †Student’s t-test.
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treatment regimens such as monthly and PRN dosing for 
both ranibizumab and aflibercept.11

An additional possible benefit to the decreased treat-
ment burden with PRN dosing not fully evaluated by our 
study, but highlighted in the IVAN study is the impact on 
geographic atrophy.8,21 At two years, significantly fewer 
patients were noted to have new areas of geographic 
atrophy in the PRN cohort (26%) versus the monthly 
cohort (34%).21 This has been a point of concern with anti- 
VEGF injections, but the impact of PRN dosing on this 
requires more dedicated research.

Our study design supports evidence that alternative 
treatment options offer similar benefits to monthly anti- 
VEGF treatments. One limitation of this study is that we 
do not include a TAE cohort to further compare current 
treatment protocols.

Multifocal Electroretinography
The use of mfERG has been noted to be valuable in the 
evaluation of many retinal pathologies notably as 

a screening tool for hydroxychloroquine toxicity.23,24 

Among the important measures on mfERG are the P1 
response density which has been shown to correlate with 
bipolar cell function,25 N1 response density with correla-
tions to both photoreceptor and bipolar function,25 and N1- 
P1 response density representing these ON functions as 
a whole. Multifocal ERG testing can be a more objective 
measure of retinal function.25

In our study we found a significant decrease in both 
N1-P1 response density at the end of the 1-year study 
for patients of all subgroups; however, P1 latency on 
mfERG did not significantly change from baseline to 
final visit (Figure 3A and B). This was despite the 
improvement seen in both BCVA and CMT arguing for 
some level of permanent damage to bipolar cells, pos-
sibly correlating with fibrotic or atrophic changes, 
despite the resolution of fluid.25 Interestingly, these 
results were consistent even in the treatment-naïve 
patients who would most be expected to demonstrate 
an improvement in mfERG data.

Figure 3 Change in central (A) N1-P1 response density, (B) P1 latency, (C) P1 response density, and (D) N1 response density on multifocal electroretinography at 
screening (black) vs 12 months (gray) for each studied cohort and all included patients. * Statistically significant change based on paired Student’s t-test (p < 0.05).
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There are several factors that could account for these 
changes. Response densities are known to decrease with 
age26 and studies have also shown microstructural and 
functional progression despite stable morphological fea-
tures in both non-neovascular and neovascular AMD.27,28 

In our present study, many patients—especially the pre-
viously treated patients—had developed fibrosis or 
a macular scar, inhibiting the function of the inner layer. 
This contributed to a decrease in the intensity of baseline 
mfERG responses and it would be expected that the use of 
ranibizumab would have limited efficacy in treating these 
entities.

The possible deleterious impact of anti-VEGF injec-
tions on retinal health has been well documented, most 
notably in the form of geographic atrophy progression and 
advancement of fibrosis.29–31 The depreciations in mfERG 
measurements across cohorts may be representative of this 
negative impact. It is important to note that the only 
mfERG measurement with a significant difference when 
compared across cohorts was the N1 response density 

between the treatment naïve and previously treated groups. 
Being a representation of both photoreceptor and bipolar 
health, this value may be less affected by the possible 
acute fibrotic or atrophic retinal changes to anti-VEGF 
therapy. This data is limited by its small sample size; 
however, follow-up evaluation of treatment-naïve patients 
based on time since neovascular conversion and BCVA 
may be beneficial as these additional characteristics should 
correlate with expected response in retinal function.

Cataract progression can also affect mfERG with 
response density losses through reduction in retinal illu-
minance and increase in intraocular scatter.26 Although we 
observed no significant progression of cataract throughout 
the duration of the study, undetected increases in lens 
opacities could also have played a role in the reduced 
response density. However, evaluation of mfERG data 
based on baseline lens status noted similar decreases in 
both phakic and pseudophakic eyes, which supports the 
notion that the changes were due to diminishing macular 
function.

Figure 4 Change in mean sensitivity on microperimetry at screening (black) vs 12-months (gray) for each studied cohort and all included patients. * Statistically significant 
change based on paired Student’s t-test (p < 0.05).
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Previous studies have evaluated the utility in monitoring 
treatment response in nAMD with mixed results. One study 
showed that mfERG significantly improved in patients with 
nAMD during the initiation phase of intravitreal ranibizu-
mab with P1 response density of the central ring signifi-
cantly increasing after the first of three injections.32 

However, Reinsberg et al demonstrated that monthly injec-
tions with ranibizumab over one year had no statistically 
significant effects on P1 response density.28 Over the 12- 
month enrollment in the study, mfERG results showed ret-
inal health did not improve with either the PRN or monthly 
ranibizumab injection protocol despite improvements in 
other endpoints. The mfERG results may prove to be the 
most sensitive measure of retinal stimulus and reveal loss of 
structural integrity with chronic nAMD. It is the only direct 
measure of retinal function that is unbiased by subjective-
ness. Investigation of an agent that can improve retinal 
health and subsequently vision is of further interest. This 
more objective measure of retinal function may prove parti-
cularly useful as we try to identify agents that truly preserve 
retinal function with the treatment of nAMD.

Microperimetry
MP is a subset of visual field testing which evaluates retinal 
sensitivity while the fundus is directly examined, allowing 
correlation between macular pathology and corresponding 
functional abnormalities. Early macular function loss can 
be detected by MP before significant visual impairment is 
established and changes on MP have been documented as 
a foretelling of progression of intermediate AMD to 
advanced and exudative stages.33 MP has become 
a common way to measure macular function in assessment 
of natural history and treatment outcomes in macular disease.

Mean sensitivity improved significantly for all stu-
died patients over this 12-month study (Figure 4). This 
MP data is consistent with the findings in other studies 
with improvement in retinal sensitivity measured using 
this technique.14,34 Overall there was a consistent trend 
of improvement in all cohorts with the treatment-naïve 
cohort being the only one with a statistically significant 
improvement at 12 months. These findings suggest that 
MP may be a useful adjunctive measure of retinal func-
tion and an additional clinical trial endpoint for future 
nAMD research. On the other hand, visual field testing, 
of which MP is a subset, is subjective. There is 
a learning curve and with repeat testing the results can 
improve in the absence of improved retinal or optic 

nerve function.35,36 This makes MP a more subjective 
endpoint – similar to visual acuity.

An important consideration for both mfERG and MP 
results is that in patients with macular pathology such as 
nAMD their results may be impacted by fixation 
difficulties.37

Limitations
Our study is limited by the lack of inclusion of a TAE 
group for full evaluation of current treatment protocols. In 
addition, there was a significant difference in baseline 
characteristics between the monthly and PRN cohorts in 
regards to mfERG. However, in our final evaluation of 
change in all of these measures, there was not 
a statistically significant difference when evaluated across 
the cohorts. A final limitation, which was discussed above, 
is the inherent difficulty with obtaining MP and mfERG in 
patients with nAMD due to possible fixation impairment. 
It is unclear the impact this had in our population but 
should be kept in mind when evaluating results.

Conclusions
Both PRN and monthly treatment of nAMD with ranibi-
zumab is associated with significant improvement in visual 
function as assessed by BCVA and MP and improvement 
in macular thickening on HR-OCT. Monthly treatment 
showed a nonsignificant trend towards better BCVA and 
reduction in CMT compared to PRN treatment whereas 
treatment on a PRN protocol required an average of three 
less injections compared to monthly. Prior treatment 
groups showed less potential to improve compared to the 
naive treatment groups and the 2.0mg dose of ranibizumab 
showed no clinically meaningful difference in efficacy 
compared with the 0.5mg dose. Despite the improvements 
noted on other modalities, the mfERG data demonstrated 
a decline in almost all measures. These measures of visual 
function may be useful in assessing retinal health and 
response to treatment in future clinical trials.
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