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Purpose: To compare the PRN anti-VEGF injection patterns of four retina specialists with respect to the visual and anatomic 
outcomes in the management of wet age-related macular degeneration (AMD).
Methods: Medical records of patients who received bevacizumab, ranibizumab, and aflibercept anti-VEGF injections (years 2010– 
2020) by four retina specialists were reviewed for frequency, injection intervals, best corrected visual acuity (BCVA), and central 
macular thickness, center involved (CMT) for statistical analysis. Outcomes measured were change in logMAR BCVA and CMT from 
the first to last injection visit.
Results: Out of 137 AMD patients, 172 eyes were injected by four retina specialists in PRN fashion. Although all four specialists 
started the injection at similar baseline BCVA and CMT (p > 0.1), significant differences in mean injection number (9.0, p = 0.0001), 
injection intervals (5.06 weeks, p = 0.001), and total length of treatments (53.3 weeks, p = 0.0001) were observed. The mean change in 
logMAR BCVA between the first and last injection was −0.05, −0.22, 0.07, and 0.06 for the four specialists, respectively (p = 0.031), 
and the mean change in CMT was –53.3, −41.4, −72.7, and −21.9 µm (p = 0.41), respectively.
Conclusion: Despite similar baseline criteria for injections by the retina specialists, different anti-VEGF injection regimens were 
practiced resulting in variations in BCVA and CMT outcomes. This suggests a need in establishing a universally adoptable injection 
regimen with possible integration of the confounding factors to reduce burden on both patients and retina specialists.
Keywords: retina specialists, practice patterns, anti-VEGF, central macular thickness, best corrected visual acuity, exudative age- 
related macular degeneration

Introduction
Anti-vascular endothelial growth factor (anti-VEGF) injections are the first-line therapy in the treatment of wet age- 
related macular degeneration (AMD). AMD is a chronic and progressive degenerative disorder of the macula that leads 
to a loss of central vision. AMD is recognized as the third-most common cause of blindness worldwide, with most 
affected individuals living in developed countries.1,2 There are two subtypes, “dry” and “wet” AMD. While dry AMD 
causes 85% to 90% of AMD cases, wet AMD explains 90% of severe vision loss from the disease.3 In wet AMD, 
upregulation of VEGF causes pathological choroidal neovascularization, resulting in loss of central vision.4 Therefore, 
targeting VEGF with intravitreal anti-VEGF injections has revolutionized management and helped decrease visual 
impairment from wet AMD.5–7

The anti-VEGF drugs commonly used for managing wet AMD include bevacizumab, ranibizumab, and aflibercept. 
Several studies comparing the different anti-VEGF drugs against one another have demonstrated similar efficacy in 

Clinical Ophthalmology 2023:17 375–383                                                                       375
© 2023 Karimaghaei 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

Received: 26 September 2022
Accepted: 28 December 2022
Published: 25 January 2023

C
lin

ic
al

 O
ph

th
al

m
ol

og
y 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-6199-3558
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


improving visual acuity and retinal thickness.8–10 With ample evidence demonstrating efficacy of individual anti-VEGF 
drugs and comparable effects between different drug choices, optimizing intravitreal injection treatment regimens has 
now become an area of research and of clinical interest.

In a Medicare database study of the use of anti-VEGF drugs, there was a high variation in injection frequency 
identified across the United States despite the availability of established anti-VEGF guidelines. While variability in anti- 
VEGF regimens exists among retina specialists, there have been multiple studies comparing the efficacy of these 
regimens for each anti-VEGF drug option.11 Studies comparing PRN and fixed interval dosing of bevacizumab and 
ranibizumab have demonstrated improved visual and anatomic outcomes with both regimens but reduced treatment 
burden with a PRN strategy.12–14 Additional studies on ranibizumab comparing treat-and-extend (T&E) versus fixed 
interval monthly dosing and wait-and-extend (W&E) versus treat-and-observe (T&O) found similar efficacy between 
regimens but reduced treatment burden with T&E and W&E.15,16 Since intravitreal injections are associated with 
multiple financial and medical risks, treatment strategies that both minimize treatment burden and maintain efficacy 
are desirable in order to limit reported risks of ocular inflammation, elevated intraocular pressure, endophthalmitis,17 

nephrotoxicity,18 cardiovascular compromise,19 discomfort and fear,20 anxiety and depression,20,21 and pain.22 While 
many studies have suggested utilizing a PRN injection strategy in order to reduce treatment burden without compromis
ing clinical improvement, there still exists variability in the PRN protocols used by different retina specialists. Despite 
a consensus on monthly injections for the first three months of therapy, there is no standardized pattern of injections 
following treatment initiation.

This retrospective study provides whether a consistency exists on the injection patterns between retina specialists who 
practiced PRN strategies. Change in BCVA and optical coherence tomography (OCT) central macular thickness (CMT) 
were the outcome measures of interest. This is the first study to the best of our knowledge analyzing the injection patterns 
of individual retina specialists in the treatment of wet AMD.

Methods
Ethics
The study adheres to the tenets of the Declaration of Helsinki and was approved by the Institutional Review Board at the 
University of Texas Medical Branch at Galveston, USA. Due to the retrospective nature of this study, the UTMB 
Institutional Review Board exempted from requiring written informed consent. All data collected were anonymized and 
de-identified to maintain confidentiality.

Study Design
In this retrospective study, electronic medical records (EMR) from current practicing retina specialists were reviewed 
from 01 July 2010 to 30 July 2020. Based on IRB, patients needed to be ages 18–100, with a diagnosis of exudative age- 
related macular degeneration (ICD H35.32), received intravitreal anti-VEGF injections of bevacizumab (Avastin; 
Genentech/Roche), ranibizumab (Lucentis; Genentech/Roche), and aflibercept (Eylea; Regeneron Pharmaceuticals, 
Inc.), either individualized or in combinations, in a PRN pattern after the first three monthly injections. Patients were 
excluded if they had macular edema due to other conditions like diabetes, retinal vascular occlusions, high myopia, 
trauma, or other surgical complications. Patients were also excluded if they were treated by more than one retina 
specialist and if they were seen by a specialist with less than five cases. All included retina specialists received 
Accreditation Council for Graduate Medical Education (ACGME) fellowship training in the United States.

Data Collection
Demographic data (age, gender, race, ethnicity) were collected along with ophthalmic information including diagnosis, 
other co-morbidities, OCT scans, number and frequency of injection treatment, BCVA at each visit, and CMT at each 
visit. Patients’ visual acuities were converted to Logarithm of the Minimum Angle of Resolution (LogMAR) for 
comparison.
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Eight retina specialists were identified treating a total of 250 wet AMD patients during the studied period. Ninety-nine 
patients were excluded due to being treated by multiple providers. Eight patients were excluded due to a co-existence of 
retinal occlusive disease. Another six patients were excluded due to seeing a specialist with less than five cases. 
Ultimately, this study included patients from four retina specialists (>5 cases) and 172 eyes from 137 eligible patients. 
For relevance, we called the retina specialists A, B, C, and D throughout the text.

Statistical Analysis
Data were deidentified for analysis; descriptive statistics was used to summarize the demographics, and information is 
reported using percentage, mean, and standard deviation. Chi-square and Kruskal–Wallis tests were conducted for 
categorical and continuous data, respectively. Multivariable analysis of covariance was used to determine independent 
factors associated with visual acuity and macular thickness post-treatment. In the multivariate analysis conducted for the 
Specialist, Retina Specialist B was chosen as the reference provider due to their most significant improvement in BCVA 
over the time span of treatment. All analyses were conducted with SS 9.4 (Cary, NC). A p-value of less than 0.05 was 
used to indicate significance.

Results
Demographics
Table 1 summarizes the demographics of the patients. Included patients were mostly females (66.4%), and Caucasian 
(92.7%). Of others, 5.11% were Black/African American, 1.46% were Asian, and 0.73% were American Indian/Alaskan 
Native. Additionally, 36.03% of patients were smokers, 19.71% of patients had chronic kidney disease, 53.28% of 
patients had hyperlipidemia, 11.68% of patients had hypertensive retinopathy, and 29.93% had glaucoma.

Anti-VEGF Drug Use
Table 2 demonstrates how many eyes were treated with bevacizumab, aflibercept, and ranibizumab, as well as single or 
multiple anti-VEGF drugs for each retina specialist. The most used drug was bevacizumab, followed by aflibercept, then 
ranibizumab. Based on the number of patients treated by each provider, Bevacizumab use was significantly varied (p = 
0.045). Also, most eyes were only treated with single rather than multiple anti-VEGF drug therapy.

Table 1 Patient Demographics and Medical History. Data are Presented as 
Mean (SD) for Continuous Data and N (%) for Categorical Data

Characteristics Category Value (%)

Age 80.3 (9.8)

Sex Female 91 (66.42)
Male 46 (33.58)

Race American Indian/Alaskan Native 1 (0.73)
Asian 2 (1.46)
Black/African American 7 (5.11)

Caucasian/White 127 (92.7)

Smoking 50 (36.03)

Chronic Kidney Disease 27 (19.71)

Hyperlipidemia 73 (53.28)

Hypertensive Retinopathy 16 (11.68)

Glaucoma 41 (29.93)
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Practice Patterns of the Retina Specialists
The anti-VEGF practice patterns for each of the four retina specialists in this study were described by mean number and 
frequency of injections per eye during the treatment interval (Table 3). The mean number of injections for Specialist A, 
B, C, and D were 6.9, 8.3, 15.1, and 5.6 injections, respectively (p = 0.0001). The mean interval between injections for 
Specialist A, B, C, and D was 3.8, 4.4, 6.6, and 5.5 weeks, respectively (p = 0.001) during a total treatment duration of 
28.4 weeks for Specialist A, 42.3 weeks for B, 104.9 weeks for C, and 37.7 weeks for D (p = 0.0001).

Primary Outcome
The primary outcome measured was change in logMAR BCVA from the first to last injection visit. The mean logMAR 
BCVA at the first injection visit for Specialist A, B, C, and D was 0.85, 1.11, 0.94, and 0.78, respectively (p = 0.167). The 
mean change in logMAR BCVA between the first and last injection visit (calculated as last – first) for Specialist A, B, C, 
and D was −0.05, −0.22, 0.07, and 0.06, respectively (p = 0.031). These are presented in Table 3.

Secondary Outcome
The change in CMT during the treatment duration is presented in Table 3. The mean CMT at the first injection visit for 
Specialist A, B, C, and D was 306, 302, 362, and 302 µm (p = 0.177), respectively, and the mean change from the first to 
last injection visit was –53.3, −41.4, −72.7, and −21.9 µm (p = 0.409), respectively.

Table 2 Anti-VEGF Drug Use Among Retina Specialists

Specialist A N =12 Specialist B N = 37 Specialist C N =70 Specialist D N=53 p-value

Monotherapy (1 anti-VEGF) 8 (66.7) 29 (78.4) 47 (67.1) 46 (86.8) 0.07
Multitherapy (2 or 3 anti-VEGFs) 4 (33.3) 8 (21.6) 23 (32.9) 7 (13.2)

Bevacizumab 12 (100) 29 (78.4) 57 (81.4) 35 (66.0) 0.045*

Aflibercept 4 (33.3) 13 (35.1) 29 (41.4) 24 (45.3) 0.75
Ranibizumab 0 5 (13.5) 9 (12.9) 1 (1.9) 0.08

Note: Data are presented as N (%); *For p < 0.05; N – number of treated eyes.

Table 3 Anti-VEGF Injection Practice Pattern of Retina Specialists, Expressed in Mean Number of Injections per Eye, Mean Time 
Interval Between Injections, and Total Treatment Duration

Specialist 
A (N = 12)

Specialist 
B (N = 37)

Specialist 
C (N = 70)

Specialist 
D (N = 53)

Overall 
Average

p-value

Mean number of injections per eye 6.9 (1.2) 8.3 (1.2) 15.1 (1.4) 5.6 (0.52) 8.975 0.0001‡

Mean interval between injections (weeks) 3.8 (0.22) 4.4 (0.41) 6.6 (0.39) 5.5 (0.47) 5.075 0.001†

Time from first to last injection per eye (weeks) 28.4 (5.77) 42.3 (6.5) 104.9 (9.19) 37.7 (5.19) 53.325 0.0001‡

Mean logMAR best corrected visual acuity at 
first treatment

0.85 (0.21) 1.11 (0.1) 0.94 (0.09) 0.78 (0.08) 0.92 0.167

Mean change in logMAR best corrected visual 
acuity from first to last injection

−0.05 (0.03) −0.22 (0.09) 0.07 (0.07) 0.06 (0.06) −0.035 0.031*

Mean OCT thickness at first measurement 306 (25.3) 302 (15.8) 362 (23.3) 302 (26.5) 318 0.177

Mean change in OCT thickness from first to last 
injection

−53.3 (37.5) −41.4 (18.5) −72.7 (18.9) −21.9 (28.6) −47.325 0.409

Note: Data are presented as mean (SD), *For p < 0.05, †For p < 0.01, ‡For p < 0.001.
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Best Corrected Visual Acuity Linear Regression
Multivariate analysis of covariance was used to determine factors associated with change in BCVA. The effects of these 
factors on BCVA are displayed in Table 4. When accounting for all variables including initial BCVA, retina specialists, 
injection numbers, injection intervals, age, sex, race, and smoking status; number of injections and interval between 
injections did not have a significant impact on visual outcomes. Instead, there was a significant association between 
initial BCVA and age with change in BCVA. Initial BCVA was negatively correlated with change in BCVA, while age 
was positively correlated with change in BCVA. With reference to Specialist B, treatment by Specialist C was 
significantly associated with greater changes in BCVA.

Central Macular Thickness Linear Regression
Multivariate analysis of covariance was also used to determine factors associated with change in central macular 
thickness. The same factors studied in the multivariate analysis of BCVA were analyzed, and the effects of these factors 
on central macular thickness are displayed in Table 5. There was a significant negative correlation between initial central 

Table 4 Factors Associated with Change in Best Corrected Visual 
Acuity Using Multivariate Analysis of Covariance

Variable Category Estimate p-value

Best corrected visual acuity at 

first visit

−0.401 <0.001†

Specialist A 0.093 0.57
B Ref Ref
C 0.257 0.01*

D 0.240 0.02

Age 0.010 0.02*

Sex Female 0.135 0.08
Male Ref Ref

Race White Ref Ref
Other −0.006 0.97

Smoking Yes Ref Ref
No −0.023 0.76

Injection number 0.002 0.85

Interval between injections −0.003 0.22

Time from first to last injection 0.000 0.70

Note: *For p < 0.05, †For p < 0.001.

Table 5 Factors Associated with Change in Central Macular Thickness 
Over Course of Treatment Using Multivariate Analysis of Covariance

Variable Category Estimate p-value

CMT at first visit −0.660 <0.001†

Specialist A −0.416 0.99
B ref ref
C 13.963 0.57

D 14.630 0.55

(Continued)
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macular thickness and change in central macular thickness over treatment, and females were significantly more likely to 
have a greater change in central macular thickness. Again, when accounting for all of other variables, retina specialist’s 
practice patterns (number of injections, interval of injections) did not have a statistically significant association with 
change in central macular thickness.

Discussion
In this study, we show the anti-VEGF dosing regimen of four retina specialists in treating wet AMD using the PRN 
strategy. Though all four retina specialists started the first injection at similar baseline BCVA and CMT (p > 0.1), they 
deviated significantly in mean number of injections, time intervals between injections, and total duration of treatment. 
While this indicates a consensus on when to initiate therapy, it did not correlate to mean change in BCVA outcomes. For 
instance, Specialists A and B demonstrated 2.5 and 11 letters improvement, respectively, while Specialists C and D both 
ended up with worsening of BCVA by 3.5 and 3 letters, respectively. With respect to CMT, all four retina specialists 
displayed similar baseline CMT and mean change in CMT ranging from 21.9 to 72.7 µm during the treatment period.

On further analysis to find the variables that may be associated with mean change in BCVA, the mean number and 
frequency of injections were not significantly associated with change in visual outcomes between the retina specialists. 
Similarly, the number of injections, frequency of injections, and total treatment window were also not associated with 
mean change in CMT between the four retina specialists in the multivariate analysis. Moreover, female sex was 
associated with greater changes in CMT compared to male sex. Therefore, the significantly different visual outcomes 
of specialists in treating wet AMD are likely due to other variables such as effectiveness of anti-VEGF drug, environ
mental and genetic dispositions of the patient, and severity of the disease. In addition, as mentioned by Gurung et al, 
2021, BCVA is a subjective measure and is influenced by patient’s refractive status or cataracts, thus making it a soft 
metric for analysis in such efficacy studies.23

It has been previously reported that worse baseline vision is associated with better visual gains but worse final 
vision.24 This is seen in our results, as Specialists B achieved better visual gains than Specialists C and D. Specialists 
C and D both had a larger interval of treatment of 6.6 and 5.5 weeks when compared to the 3.8- and 4.4-week mean 
injection intervals of Specialists A and B, respectively. Also, Specialist C had the highest number of injections when 
compared to A, B, and D and greatest outcomes in CMT. However, the dosing regimens of injections did not associate 
with the change in BCVA in the multivariate analysis between the retina specialists. Thus, a clinically meaningful 
conclusion remains elusive until large-scale controlled clinical trials are conducted.

Although imaging evaluation may indicate fluid and leaky vessels, which can be the driving force of administrating 
more anti-VEGF treatment over time, the results of utilizing more anti-VEGF in these circumstances may be uncertain. 

Table 5 (Continued). 

Variable Category Estimate p-value

Age 0.205 0.83

Sex Female 48.873 0.01*
Male ref ref

Race Other −25.342 0.46
White ref ref

Smoking No 31.549 0.10
Yes ref Ref

Injection number 2.147 0.53

Interval between injections 0.200 0.78

Time from first to last injection −0.068 0.44

Note: *For p < 0.05, †For p < 0.001, Central Macular Thickness (CMT).
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For example, VIEW 1 and VIEW 2 studies have shown that aflibercept dosed monthly or 2 monthly produced similar 
efficacy and safety outcomes as monthly dosing with Ranibizumab.10 Given the complexity and variability in clinical 
presentation of wet AMD, a strict practice regimen of dosing anti-VEGF is perhaps unrealistic. Nonetheless, it is 
worthwhile to streamline anti-VEGF treatment of wet AMD to help reduce the burden on both patients and retina 
specialists. This is more so important now than ever, due to the dilemma faced by retina specialists in choosing the best 
option of dosing the anti-VEGFs and calculating the treatment window. In addition, having a unified treatment pattern by 
retina specialists may reduce the financial and emotional burden on the wet AMD patients that receive injections. The 
American Academy of Ophthalmology (AAO) advocates on establishing protocols for preferred practice guidelines. 
While the AAO does not have specific guidelines in place other than recommending anti-VEGF as first-line therapy, this 
will likely be informed by ongoing research in the field.

In the multivariate analysis of our present study, initial logMAR BCVA and initial central macular thickness were 
inversely correlated with visual and anatomical improvement, respectively. While greater initial logMAR BCVA (worse 
vision) and macular edema would be expected to have more room for improvement and, therefore, be expected to be 
associated with greater improvement, our contrary findings are not necessarily unexpected. For example, in a recent large 
real-life US cohort, visual acuity remained stable after one year of treatment rather than demonstrating the larger visual 
acuity gains typically observed in randomized controlled trials.25 This is likely due to the highly selective inclusion 
criteria and strict follow-up of RCTs, whereas a certain degree of variability in response to treatment is present in real-life 
populations due to differences in baseline characteristics and heterogeneity of underlying disease. Therefore, the response 
to treatment observed in our real-world study could indeed be expected.

This being the first study that compares the injection patterns of retina specialists in a real-world hospital setting 
means that it needs to be validated with large-scale studies. It is reasonable to integrate an anti-VEGF treatment 
algorithm for retina specialists in order to streamline the treatment approach. Limitations of this study include retro
spective chart analysis and variable sample size between retina specialists. Indeed, a larger sample size would increase 
the power of a future study. We also did not account for the complexity of the wet AMD disease and the type of anti- 
VEGF drug used in controlling the disease. Nonetheless, this interesting observational study highlights the consensus 
between retina specialists despite a lack of a fixed dosing regimen when using a PRN protocol.

Conclusion
We present the different practice patterns adopted by four retina specialists when treating wet AMD. While all the 
specialists showed improvement in CMT, despite choosing different practice pattern approaches in terms of number, 
frequency, and total duration of injections, only two of the four retina specialists demonstrated improvement in BCVA. 
This suggests a need in establishing a universally adoptable injection regimen, specific to each anti-VEGF agent, 
integrating the confounding factors in the treatment algorithm to reduce burden on both patients and retina specialists.
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