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ABSTRACT

Purpose: Assessment of the effects of COVID-19 pandemic- related treatment interruption on visual and anatomical outcomes in 
patients with neovascular age-related macular degeneration (AMD).

Methods: Patients with neovascular AMD were included in this retrospective study. The patients were divided into two groups: Group 
1 (patients with a follow-up period of 6 months or less before the pandemic) and Group 2 (patients with a follow-up period of longer 
than 6 months before the pandemic). After the COVID-19 pandemic, the groups were evaluated in terms of reduction in best corrected 
visual acuity  (BCVA) and increase in central macular thickness (CMT).

Results: 66 eyes of 59 patients with AMD  were included in this study (n=40 in Group 1, n=26 in Group 2). The mean BCVA change 
between the last visit before the COVID-19 pandemic and  the first visit after the COVID-19 pandemic  was logMAR 0.7±0.32 in Group 
1 and logMAR 0.2±0.05 in Group 2. The mean CMT change between the last visit before the COVID-19 pandemic and the first visit 
after the COVID-19 pandemic was 174±94 μm in Group 1 and 68±36 μm in Group 2. There was a significant difference between groups 
in terms  of BCVA reduction and CMT increase (p<0.001).

Conclusion: The treatment interruption associated with the COVID-19 pandemic had a lesser impact on the anatomical and visual 
outcomes in more stable neovascular AMD patients.
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cular AMD, is detected by FA and OCT. However, OCT is 
used more frequently than FA in the long-term follow-up 
of neovascular AMD. 4,5. Additionally, since OCT is a non-
invasive technique, it is also important for the early detec-
tion of AMD. Treatment of AMD is mostly related to CNV. 
Therefore, at present, anti- vascular endothelial growth 
factor (VEGF) agents are shown as the first-line treatment 
option. 6,7 However, since the duration of effecttiveness of 
anti- VEGF agents is limited, repeated injections cause a 
treatment burden. Because of this, to reduce the number of 
needed intravitreal injections, different treatment regimens 

Introduction

The prevalence of age-related macular degeneration 
(AMD) is increasing worldwide in relation increased life 
expectancy. 1,2. It is a progressive disease that can result 
in blindness. With early diagnosis of disease and regular 
follow-up, patients can have a better vision-related quali-
ty of life. 3 Diagnosis of this disease, which affects central 
vision, can be made by a detailed fundus examination and 
is confirmed by fluorescein angıography (FA) and optical 
coherence tomography (OCT). The chorodial neovascular-
isation (CNV) which is the main manifestation of neovas-
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(pro re nata - PRN, bimonthly fixed, treat and extend- T&E) 
have been studied in randomized controlled trials..8-11 Re-
cent real-world studies have reported that fewer injections 
are administered for neovascular AMD in real life than in 
clinical trials. 12

Regular follow-up for neovascular AMD can not be done in 
clinical practice due to different reasons. For instance, the 
COVID-19 pandemic was one of them. The World Health 
Organization (WHO) declared the COVID-19 pandemic 
on 11 March 2020. Due to restrictions for COVID-19 pan-
demic in our country, AMD patients could not have their 
control visits and injections. 

Our aim in this study is to evaluate anatomical and functional 
results seen in neovascular AMD patients whose treatments 
were interrupted due to the COVID-19 pandemic.

Methods

In this study, the medical records of patients who were fol-
lowed up with the diagnosis of AMD at a tertiary center 
between January 2018 and October 2023 were reviewed 
retrospectively. The study conformed to the tenets of the 
Declaration of Helsinki. Institutional ethics committee ap-
proval was obtained for this study (2025/25009). 

The detailed ophthalmologic examination files of all the pa-
tients were reviewed. Best corrected visual acuity (BCVA) 
measurement, biomicroscopy, intraocular pressure mea-
surement, funduscopy, optical coherence tomography 
(OCT, Heidelberg Engineering, Heidelberg, Germany), 
fluorescein angiography (FA, the integrated software of the 
Heidelberg Retina Angiography II), number of follow-up 
visits and total number of intravitreal injections were re-
corded. BCVA was measured by a standardized Snellen 
chart. Snellen visual acuity was converted to logMAR 
(logarithm of the minimum angle of resolution) for statis-
tical analyses. Central macular thickness (CMT, from the 
inner limiting membrane to the retinal pigment epithelium 
on the fovea – central 1 mm diameter) and disease activity 
(subretinal fluid -SRF, ntraretinal fluid-IRF, subretinal hy-
perreflective material - SRHM) were assessed using OCT.

Review of the medical records revealed that seven patients 
had been hospitalized due to COVID-19 infection.

Criteria for inclusion in the study were: (1) diagnosis of 
neovascular AMD, (2) History of receiving at least three 

intravitreal injections before COVID-19 lockdown, (3) 
treatment interruption for at least six months due to the 
COVID-19 lockdown, (4) Availability of complete oph-
thalmological records for a minimum follow-up period of 
one year after the COVID-19 lockdown.

Exclusion criteria for the study were: (1) Presence of any 
other ocular or retinal disease that may affect visual acuity, 
(2) loading dose not completed before COVID-19 lockdown.

Patients were grouped according to the duration of fol-
low-up before the COVID-19 pandemic. Group 1 included 
patients with less than 6 months of follow-up before the 
pandemic, while group 2 included patients with longer than 
6 months of follow-up before the pandemic. 

Anti-VEGF agents (bevacizumab, ranibizumab, aflibercept) 
were injected into the vitreous space through the pars plana. 
A standard protocol was followed for intravitreal injection.

Statistical Analysis

Statistical analysis was conducted with SPSS 28.0 (IBM 
Software, Chicago, IL). The normality of numerical vari-
ables was assessed using the Shapiro-Wilk test. Numerical 
variables are presented as the mean (standard deviation), 
while categorical variables are presented as the count (per-
cent). The differences between the groups were evaluated 
using Mann-Whitney U test. Categorical variables were 
compared using the Chi-square test P < 0.05 was consid-
ered statistically significant.

Results

A total of 66 eyes of 59 patients with AMD were included 
in the study (n=40 in group 1, n=26 in group 2). No signif-
icant differences were found between the groups regarding 
age, gender, BCVA and CMT (Table 1). Patients in Group 
1 had a mean±SD age of 73.2±5.5 years and 18 (45%) 
were female and those in Group 2 had a mean±SD age of 
70.4±6.3 years and 9 (35%) were female.

The mean follow-up period of patients before COVID-19 
lockdown was 5.9±0.7 months in Group 1 and 15.3±4 
months in Group 2 (p<0.001, Table 1). The mean number 
of injections before COVID-19 lockdown was 3.8±0.5 in 
Group 1 and 9.0±1.2 in Group 2 (p<0.001, Table 1).

In both groups, patients were treated with a PRN regimen 
following bevacizumab loading doses. Aflibercept injec-
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tions were administered in 77.5% of patients in Group 1 and 

69.2% of patients in Group 2, while ranibizumab injections 

were given in 22.5% and 30.8% of patients, respectively.

76.9% of patients in Group 2 did not require any intravitre-

al injection during the last 3 months prior to the COVID-19 

pandemic. The mean duration of treatment interruption re-

lated to the COVID-19 pandemic was 12.5±2.9 months in 

Group 1 and 11.9±2.4 months in Group 2. There was no 

difference between the groups in terms of duration of treat-

ment interruption (p=0.97).

The mean BCVA change between the last visit before the 

COVID-19 pandemic and the first visit after the COVID-19 

pandemic was logMAR 0.7±0.32 in Group 1 and logMAR 

0.2±0.05 in Group 2. There was a significant difference 

between the groups in terms of BCVA reduction (p<0.001, 

Table 2).

The mean CMT change between the last visit before the 

COVID-19 pandemic and the first visit after the COVID-19 

pandemic was 174±94 μm in Group 1 and 68±36 μm in 

Group 2 (Figure 1, 2). There was a significant difference be-

tween groups in terms of CMT increase (p<0.001, Table 2).

At the first visit after the COVID-19 pandemic, SRF was ob-

served in 34 (85%) cases, IRF in 24 (60%) cases, SRHM in 

10 (25%) cases and macular hemorrhage in 8 (20%) cases in 

Group 1, whereas in Group 2, SRF was detected in 12 

(46%) cases, IRF in 9 (34%) cases, SRHM in 2 (7.6%) cas-

es and macular hemorrhage in 1 (3.8%) case.

Table 1.  Baseline Characteristics of  the Study Patients

  Group 1 
Mean (SD)

Group 2  
Mean (SD)

P Value

Age (years) 73.2 (5.5) 70.4 (6.3) 0.23*

Female sex (%) 18 (45.0) 9 (34.6) 0.08* 

BCVA (logMAR) 0.57 (0.41) 0.62 (0.35) 0.62**

CMT (μm) 394.4 (97.1) 371.4 (98.6) 0.35**

Follow-up ( months) 5.95 (0.7) 15.3 (0.4) <0.001*

Number of İnjections 3.8 (0.5) 9.0 (1.2) <0.001*

BCVA, best corrected visual acuity; CMT, central macular thickness; SD, standard deviation.  * Mann-Whitney U test **independent two sample t test

Table 2. Clinical Data  of  the Study Patients

  Group 1  
Mean (SD)

Group 2  
Mean (SD)

P Value

BCVA (logMAR)

Last pre-pandemic visit 0.30 (0.23) 0.31 (0.23) 0.877*

First post-pandemic visit 1.07 (0.40) 0.53 (0.22) <0.001*

BCVA change 0.77 (0.32) 0.22 (0.05) <0.001**

CMT (μm)

Last pre-pandemic visit 250.7 (38.3) 425.1 (95.7) 0.049*

First post-pandemic visit 234.6 (26.9) 292.0 (28.0) <0.001*

CMT change 174 (94) 39 (16) <0.001**

BCVA, best corrected visual acuity; CMT, central macular thickness; SD, standard deviation.  * Mann-Whitney U test **independent two sample t test
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Discussion

In our study, patients who had received more inten-
sive treatment prior to the COVID-19 pandemic and had 
achieved a more stable (defined as a lower need for intra-
vitreal injections and less variability in visual acuity and 
OCT findings) condition were found to be less affected by 
treatment discontinuation.

Neovascular AMD is the most common of advanced AMD. 
13 In neovascular AMD, therapeutic strategies are primar-
ily targeted at choroidal neovascularization, which is de-
fined by new vessels that arise from the choriocapillaris, 
passing through the Bruch’s membrane and into sub-retinal 
pigment epithelium or subretinal space. The clinical mani-
festations of neovascular AMD include intra or sub-retinal 
fluid accumulation, macular hemorrhage, and pigment epi-
thelial detachment. Since VEGF plays a pivotal role in the 
development of neovascularization, anti-VEGF agents are 
utilized as the mainstay of treatment in neovascular AMD. 
14 Intravitreal anti-VEGF injections may be administered 
using either a reactive or proactive approach, aiming to 
achieve macular drying and improvement in visual acuity.15

Thus, patients with neovascular AMD can maintain visu-
al function over time. In patients with neovascular AMD, 

early intensive intravitreal injection therapy exerts a favor-
able effect on visual function. In a study conducted in UK, 
it was found that greater visual improvements in patients 
who underwent a loading phase at the start of treatment 
(the first three doses received within 90 days) versus those 
who did not. 16 In another study on this subject, it was also 
reported that neovascular AMD patients who received a 
higher number of anti-VEGF injections during the first year 
of treatment achieved better long-term visual outcomes. 17  
A meta-analysis reported that disease stability was achieved 
in nearly two-thirds of eyes within the first year of thera-
py. 18 These findings suggest that early stabilization of the 
disease appears to be crucial for achieving favorable long-
term visual and anatomical outcomes. In addition, neovas-
cular AMD is a chronic, progressive disorder that necessi-
tates long-term and continuous treatment to maintain visual 
and anatomical stability. If treatment interruption occurs, 
as experienced during the COVID-19 pandemic, it is likely 
to adversely affect both visual and anatomical outcomes. 
Several studies in the literature have investigated this issue. 
19-22 These studies demonstrate that treatment interruption 
due to the COVID-19 pandemic had a negative impact on 
visual and anatomical outcomes in patients with AMD. In 
the literature, there are no studies evaluating the impact of 

Figure 1. OCT image of a case in Group 1. a) At the last 
visit before the COVID-19 pandemic b) At the first visit 
before the COVID-19 pandemic

Figure 2. OCT image of a case in Group 2. a) At the last 
visit before the COVID-19 pandemic b) At the first visit 
before the COVID-19 pandemic
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treatment interruption according to disease stability in the 
pre-pandemic period.

In the present study, patients were divided into two groups. 
Group 1 included those who completed the loading dose, 
whereas group 2 consisted of more stable patients who re-
ceived an average of nine injections. Due to COVID-19 
pandemic, both treatment groups experienced similar in-
tervals of treatment interruption. However, the decrease 
in BCVA between the last pre-pandemic visit and the first 
post-pandemic visit was greater in Group 1, which had 
lower disease stability. Regarding anatomical outcomes, 
a significantly greater increase in CMT was observed in 
Group 1 than in Group 2. Sekeroglu et al. reported that un-
intended lapses during COVID-19 pandemic resulted with 
poor functional and structural results for AMD patients, es-
pecially for those at the beginning of treatment. 23

In the present study, macular hemorrhage was observed in 
20% of the cases in Group 1 and 3.8% of the cases in Group 
2 at the first visit after the COVID-19 pandemic. Macu-
lar hemorrhage, which is characterized by sudden vision 
loss, was more frequently observed in the group that was 
at the initiation phase of anti-VEGF injection therapy. It is 
possible that patients received anticoagulant therapy during 
the COVID-19 pandemic, potentially contributing to an in-
creased risk of macular hemorrhage. However, the higher 
incidence of macular hemorrhage in Group 1 compared to 
Group 2 suggests a possible association with a more un-
stabil clinical course of the disease. Romano et al reported 
a high rate of large sub-macular hemorrhages during the 
early stages of COVID-19 pandemic. 24 In another prospec-
tive study, subretinal hemorrhage was detected in 14.3% of 
neovascular AMD patients in the early period following the 
COVID-19 pandemic. 23

Neovascular AMD is a chronic, progressive condition that 
necessitates regular follow-up visits and continuous treat-
ment to maintain visual stability. Unintended interruptions 
in the treatment process may result in adverse structural 
and fuctional outcomes. Humanity had experienced an un-
precedented situation such as the COVID-19 pandemic, 
and similar circumstances may occur again in the future. 
To be better prepared for such circumstances and to ensure 
the long-term preservation of visual function in neovascu-
lar AMD patients, the frequency of follow-up visits should 
be adjusted based on the stability of the disease.

Study Limitations

The limitations of this study were its retrospective design, 
relatively small sample size and lack of a control group.

Conclusion

In our study, the discontinuation of treatment due to the 
COVID-19 pandemic had a lesser impact on visual and an-
atomical outcomes in AMD patients who had received an 
average of nine injections and were more stable before the 
pandemic. Larger sample sizes of randomized clinical trials 
are needed for the assessment.
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