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RETINAL DISORDERS
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Abstract
Purpose  Determine the anatomical consequences of delaying intravitreal injection (IVI) therapy with anti-vascular endothe-
lial growth factor (anti-VEGF) in patients using treat-and-extend (T&E) protocol.
Methods  Retrospective medical record review of consecutive patients receiving intravitreal anti-VEGF therapy using T&E 
protocol prior to and during the COVID-19 pandemic.
Results  The study included 923 eyes of 691patients; 58.8% (543 eyes), 25% (231 eyes), and 16.2% (149 eyes) had nvAMD, 
DME, and RVO, respectively. Mean (± SD) patient age was 74.5 ± 11.7 years. Overall, 56.3% of cases had a delay in therapy 
of ≥ 7 days; specifically, 56.2%, 61.5%, and 49.0% of nvAMD, DME, and RVO cases, respectively, had a delay. The median 
delay in days, among cases ≥ 7 days late was 21 (IQR 7 to 42) days, with 21(IQR 7 to 45), 22.5(IQR 8 to 42), and 14(IQR 7 
to 33.5) days of delay among patients with nvAMD, DME, and RVO, respectively. Delaying therapy by ≥ 7 days resulted in 
increased CST in 47.5%, 58.5%, and 58.9% of nvAMD, DME, and RVO cases, respectively, with a significant correlation 
between the length of treatment delay and the increase in CST (Spearman’s rho: 0.196; p < 0.001).
Conclusions  Delayed IVI treatment in eyes treated with T&E protocol was associated with increased macular thickness with 
potential consequences with respect to visual outcome.

Keywords  Anti-VEGF treatment · Cystoid macular edema · Diabetic macular edema · Macular degeneration · Retinal vein 
occlusion

Introduction

Neovascular age-related macular degeneration (nvAMD), 
diabetic macular edema (DME), and macular edema asso-
ciated with retinal vein occlusion (RVO) are often treated 
long-term with intravitreal injections (IVI) of anti-vascular 
endothelial growth factor (anti-VEGF) in order to prevent 
progressive vision loss [1–6]. Additionaly, a treat-and-
extend (T&E) regimen in which the treatment interval is 
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progressively extended is often used to resolve the retinal 
and/or subretinal exudates often associated with these condi-
tions and prevent their recurrence [7, 8]. The T&E approach 
has been shown to achieve similar visual and anatomical 
outcomes compared to PRN (pro re nata) and monthly treat-
ment regimens for nvAMD and DME [6–9]. Nevertheless, 
limited data is available regarding the consequences of devi-
ating from the recommended treatment schedule.

The COVID-19 pandemic has severely disrupted standard 
patient care worldwide, leading to deviations and/or delays 
in the planned treatment schedule in many patients, due 
primarily to difficulties related to treatment access and/or 
patient fears of contracting the SARS-CoV-2 virus [10–15].

Recent reports regarding compliance with anti-VEGF 
treatment schedules have documented a decrease of up to 
50% in the number of planned IVI treatments during the 
pandemic compared to the corresponding pre-pandemic 
period [11–15]

Previous studies suggest that inadequately treating 
nvAMD can result in poor visual outcome [16–18]; moreo-
ver, intraretinal fluid (IRF) can have a worse effect on vision 
compared to subretinal fluid (SRF). In addition, an increase 
(or new onset) of retinal fluid is more likely to cause vision 
loss compared to either a lack of fluid or persistent fluid 
[19]. Similarly, inadequately treating central retinal vein 
occlusion (CRVO) can adversely affect visual outcome [5]. 
With respect to DME, Bressler et al. [20] reported a low risk 
of substantial vision loss (i.e., ≥ 2 lines) when in patients 
treated using anti-VEGF IVI therapy, regardless of the per-
sistence of edema; on the other hand, Weiss et al. found that 
missing scheduled IVI treatments can cause reduced treat-
ment efficacy and poorer visual outcome in patients with 
DME [21].

The purpose of this study was to examine the effects of 
delays experienced with scheduled IVI treatments in patients 
who were treated in our clinic using the T&E protocol, using 
data collected during the COVID-19 pandemic as a test case.

Methods

Study design and inclusion

We performed a retrospective review of the electronic medi-
cal records from eyes that received anti-VEGF treatment in 
our tertiary referral center (Hadassah – Hebrew University 
Medical Center). The study was approved by our institu-
tional ethics committee of the Hadassah Medical center and 
conducted in adherence to the tenets of the Declaration of 
Helsinki. Informed consent was not required. We included 
eyes that received anti-VEGF treatment for nvAMD, DME, 
branch retinal vein occlusion (BRVO), or CRVO during the 
first two months of the COVID-19 pandemic in Israel (from 

April 1, 2020, through June 9, 2020); during this period, 
a lockdown and restrictive measures were enforced. Addi-
tionaly, the patients in our study had to be over 18 years old. 
A total of 1078 eligible eyes received IVI treatment during 
this period. We excluded 79 eyes that received IVI treatment 
for other indications, 5 eyes that received the first IVI treat-
ment during the study period, and 71 eyes for which data 
were missing or had low-quality OCT data. The remaining 
923 eyes were included in our analysis.

Data collection and analysis

The following data were collected from the patients’ elec-
tronic medical records: the patient’s demographics; the 
eye(s) involved, retinal pathology (nvAMD, DME, or RVO); 
the number of years since the start of IVI treatment; con-
firmation of the treatment protocol (T&E, and not PRN 
or monthly injections); the treatment compound that was 
recommended and used (bevacizumab, ranibizumab, or 
aflibercept); and the recommended treatment interval and the 
actual treatment interval. A delay in treatment was defined as 
an injection administered ≥ 7 days later than recommended.

T&E strategy aims to resolve retinal and subretinal fluid 
by providing an initial induction sequence involving at 
least three-monthly IVI treatments. After this initial series, 
in cases with macular drying, the eyes continue to receive 
regular maintenance IVI treatments at extending intervals 
[8, 9]. In our clinic, patients are routinely treated using an 
OCT-guided T&E protocol after receiving the three initial 
monthly injections. Prior to each injection, an OCT scan is 
performed in order to determine the subsequent treatment 
interval. Once every three injections, VA and an eye exami-
nation are performed. Modifications in treatment intervals 
are eye dependent and mostly independent of the treatment 
schedule in the fellow eye in cases of bilaterality. Every 
newly diagnosed patient with nvAMD, DME, or RVO is usu-
ally started on injections of 1.25 mg bevacizumab. Guide-
lines used to guide switching treatment from bevacizumab 
to either ranibizumab or aflibercept included the persistence 
or recurrence of IRF, SRF, and/or sub-RPE fluid despite ≥ 3 
monthly injections with the previous compound. During 
the first months of the COVID-19 pandemic in Israel, VA 
measurements and clinical examinations for patients who 
were currently receiving anti-VEGF injections were deferred 
in the majority of cases [10]. Thus, during the lockdown 
period, VA was measured for only 65 of the 923 eyes in the 
study.

A spectral domain OCT (Heidelberg Engineering GmbH, 
Heidelberg, Germany) was used for all of the eyes included 
in the study. The OCT images obtained from the last visit 
before the pandemic and from the first visit during the pan-
demic were reviewed by a retina specialist prior to IVI treat-
ment, for central subfield thickness [22] (CST, defined as the 
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average thickness in the central 1-mm diameter circle of the 
ETDRS grid), maximum central subfield thickness (MCST), 
and the presence of IRF and/or SRF; the presence of IRF/
SRF was determined based on a qualitative assessment by 
the treating physician [23]. Worsening was defined as an 
increase in CST of ≥ 10% from the pre-pandemic visit to 
the visit during the pandemic and/or a qualitative increase 
(or new onset) in the amount of fluid, within or outside of 
the CST area. Improvement was defined as a reduction in 
CST of ≥ 10% and/or a qualitative decrease in the amount of 
retinal fluid or a new finding of an absence of fluid, within 
or outside of the CST area. Finally, stability was defined as 
a change in CST of < 10% and no change in the presence/
absence of fluid [24].

Statistical analyses were performed using SPSS Statistics, 
version 25.0 (IBM Corp., Armonk, NY). Frequency counts 
and percentages were generated where appropriate. Tests of 
normality were performed on the data, and parametric and 
non-parametric test were applied as needed. Logistic regres-
sion was used to model the probability of the occurrence 
of binary dependent variables (worsening/no worsening of 
IRF, SRF, and CST). A multiple linear regression model was 
calculated in order to predict the number of delayed days 
in IVI treatment based on the age and disease duration for 
each of the three retinal pathologies evaluated. Statistical 
significance was defined as a p-value < 0.05.

Results

Patients and demographics

Our analysis included 923 eyes in 691 patients who received 
anti-VEGF IVI therapy. The mean (± SD) age of the patients 
was 74.5 ± 11.7 years, and 52.2% of patients were female. 
In total, 543 eyes were treated for nvAMD (58.8%), 231 for 
DME (25.0%), and 149 for RVO (16.2%); 602 eyes were 
treated with bevacizumab (65.2%), 67 with ranibizumab 
(7.3%), and 254 with aflibercept (27.5%), (Table 1). The 
T&E algorithm was applied in all cases.

Delay in treatment compared to the recommended 
schedule

A delay in IVI treatment occurred in 56.3% of cases 
(n = 520); 34.7% of cases (n = 320) were treated on or before 
the recommended date, and 9.0% of cases (n = 83) were 
treated 1–6 days after the recommended date. Among all 
520 eyes that were treated ≥ 7 days late, the median delay 
was 21(interquartile range (IQR) Q1 to Q3:7 to 42) days. 
The median delay among nvAMD, DME, and RVO patients 
that delayed treatment was 21 (IQR 7 to 45), 22.5 (IQR 8 
to 42), and 14 (IQR 7 to 33.5) days late, respectively. The 

delay significantly different between the 3 groups (p < 0.001 
in each case).

To analyze the relationship between treatment delay and 
patient characteristics (e.g., gender, age, number of years 
that the patient received IVI, type of anti-VEGF compound 
used for treatment, bilaterality, CST, and MCST), only one 
eye per patient was included (the right eye in patients with 
bilateral disease).The treatment delay was similar between 
men and women (median 7(IQR 0 to 28) vs. median7 (IQR 
0 to 20.3) days, respectively p = 0.659), and age was not 
correlated with the length of delay (Spearman’s rho: 0.05; 
p = 0.189) In contrast, the number of years that patients 
received IVI treatment was directly correlated with the 
length of delay (Spearman’s rho: 0.090; p = 0.017). The 
median treatment delay was longer among patients with 
bilateral disease (7 days; IQR: 0 to 35 days) compared 
to patients with unilateral disease (5.5 days; IQR: 0 to 
19.5  days; p = 0.002). Finally, we found no correlation 
between either baseline CST or length of delay (Spearman’s 
rho: − 0.012; p = 0.760) and between MCST and length of 
delay (Spearman’s rho: 0.026; p = 0.489), nor did we find an 
association between the type of anti-VEGF compound used 
and the length of delay.

We then performed a subgroup analysis for each retinal 
pathology. Among the patients with nvAMD, we found a sig-
nificant correlation between number of years that the patients 
had received IVI treatment and length of delay (Spearman’s 
rho: 0.107; p = 0.031). We also found that patients in the 
nvAMD group who received bevacizumab had a signifi-
cantly longer median delay (19 days; IQR: 0 to 42 days) 
compared to both patients who received ranibizumab 
(7 days; IQR: 0 to 10.5 days; p = 0.011) and patients who 
received aflibercept (4 days; IQR: 0 to 19 days; p = 0.003); 
the delay was similar between patients who received ranibi-
zumab and patients who received aflibercept (p = 0.927). No 
other significant correlations were found between length of 
delay and any patient characteristics within the nvAMD, 
DME, or RVO patient subgroups.

Multivariate analysis to predict treatment delays

For nvAMD patients, we used a multiple linear regression 
model to predict the two factors—namely, the number of 
days until the next appointment based on disease duration 
and the anti-VEGF compound used—that univariate analy-
sis indicated was associated with a delay in treatment. We 
found a significant regression (F(2,402): 6.971, R2 = 0.034; 
p = 0.001); Specifically, the next treatment was delayed 
by 0.8 days for each incremental year of disease dura-
tion, whereas the interval to the next treatment decreased 
by 6.7 days as the anti-VEGF compound changed from 
bevacizumab to either ranibizumab or aflibercept. Disease 
duration (p = 0.009) and anti-VEGF compound (p = 0.005) 
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were the sole predictors of delayed IVI treatment.We were 
unable to fit a regression model to the DME and RVO patient 
groups.

Anatomical consequences of delaying IVI 
treatment

We found a direct correlation between the change in the 
number of days to treatment (coming either before or after 
the scheduled IVI treatment) and the change in CST (Spear-
man’s rho: 0.196; p < 0.001) and MCST (Spearman’s rho: 
0.199; p < 0.001 relative to the previous treatment). These 
data are summarized for each retinal pathology in Table 2.

For each retinal pathology, we found a higher likelihood 
of increased IRF and/or SRF based on a qualitative assess-
ment and based on a quantitative assessment of CST and 
MCST in eyes that were treated ≥ 7 days late compared to 
eyes that were treated within 0–6 days. Table 3 summa-
rizes the number and percentage of eyes with worsening 
outcome based on the change in IRF and SRF, as well as 
the mean change in CST and MCST. These data are pre-
sented separately for four separate delay periods (7–28 days, 
29–56 days, 57–84 days, and > 84 days), each of which was 
compared to eyes for which treatment was given within 
1–6 days.

Quantitative assessment

Among the DME cases, CST increased in 83 out of the 142 
eyes (58.5%) that received treatment ≥ 7 days late, with a 
median increase in CST of 3.5 μm, (IQR: − 9.3 to 68.2 μm; 

19.7% of these eyes had an increase of > 50 μm), signifi-
cantly different (p = 0.007) than eyes for which treatment 
was received within 0–6 days, where CST decreased by a 
median of − 2.0 μm, (IQR: − 40.5 to 9.3 μm; 5.2% of these 
eyes had an increase of > 50 μm). Similarly, among the RVO 
cases, CST increased in 43 out of the 73 eyes that received 
treatment ≥ 7 days late, with a median increase of 2.5 μm 
(IQR: − 9 to 21.5 μm; 17.8% of these eyes had an increase 
of > 50 μm), significantly different (p = 0.011) than the 
change in the eyes for which treatment was received between 
0 and 6 days (median: − 3.0 μm, IQR: − 47 to 4 μm; 7.1% of 
these eyes had an increase of > 50 μm).

Regarding nvAMD, 145 of the 305 eyes (46.5%) that 
were treated ≥ 7 days late had an increase in CST. In these 
145 eyes, delaying IVI treatment by ≥ 7 days was associated 
with a change in CST (median: 0.0 μm, IQR: − 9.5 to 15 μm; 
12.1% of these eyes had an increase of > 50 μm), similar to 
the change in CST among the eyes that were treated within 

Table 2   Correlation between the delay relative to the recommended 
treatment interval and the change in CST and MCST for each retinal 
pathology

CST central subfield thickness; MCST maximum central subfield 
thickness; nvAMD neovascular age-related macular degeneration; 
DME diabetic macular edema; RVO retinal vein occlusion

Change in CST Change in MCST

Spearman’s rho p-value Spearman’s rho p-value

nvAMD 0.122 0.004 0.134 0.002
DME 0.288  < 0.001 0.272  < 0.001
RVO 0.294  < 0.001 0.316  < 0.001

Table 1   Patient characteristics at baseline (in cases of bilateral disease, only the patient’s right eye was included in the analysis)

nvAMD neovascular age-related macular degeneration; DME diabetic macular edema; RVO retinal vein occlusion; CST central subfield thick-
ness; MCST maximum central subfield thickness; NA not applicable

Patient characteristics nvAMD (n = 405) DME (n = 142) RVO (n = 144)

No. (%) Mean ± SD No. (%) Mean ± SD No. (%) Mean ± SD

Female 182 (44.9) NA 103 (72.5) NA 78 (54.2) NA
Age, years NA 80.6 ± 9.1 68.3 ± 9.9 68.3 ± 12.8
 < 70 years 51 (12.6) NA 74 (52.1) NA 82 (56.9) NA
70–80 years 141 (34.8) NA 56 (39.4) NA 38 (26.4) NA
 > 80 years 213 (52.6) NA 12 (8.5) NA 24 (16.7) NA
Duration of treatment, years NA 4.7 ± 3.7 NA 3.6 ± 2.9 NA 3.2 ± 2.8
No. of patients with bilateral disease 138 (34.1) NA 89 (62.7) NA 5 (3.5) NA
Baseline CST, microns NA 292 ± 96.8 NA 337.2 ± 104.4 NA 329.6 ± 125.0
Baseline MCST, microns NA 384.3 ± 123.5 NA 417.3 ± 147.7 NA 407.9 ± 147.7
Anti-VEGF compound
Bevacizumab 253 (62.5) NA 90 (63.4) NA 97 (67.4) NA
Ranibizumab 25 (6.2) NA 15 (10.6) NA 10 (6.9) NA
Aflibercept 127 (31.4) NA 37 (26.1) NA 37 (25.7) NA
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0–6 days (p = 0.315; median: − 1.0 μm, IQR: − 13 to 7 μm; 
4.2% of these eyes had an increase of > 50 μm). However, 
the proportion of eyes demonstrating an increase in CST 
of > 50 μm were not the same (12.1% vs 4.2%; p = 0.002, 
respectively).

Qualitative assessment

A qualitative assessment of the OCT scans of eyes that were 
treated ≥ 7 days late revealed either new retinal fluid or an 
increase in existing retinal fluid in 34.4%, 38.7%, and 50.7% 
of the nvAMD, DME, and RVO cases, respectively.

From all eyes, 179 (19.4%) had increase in the IRF with 
a median treatment delay of 18 days, (IQR 7 to 42 days), 
longer than in eyes in which IRF decreased or remained 
unchanged (n = 330 eyes, median 4 days, IQR 0 to 14 days; 
p < 0.001). Regarding SRF, from all eyes, 83 (9.0%) had 
increase in the SRF with a median treatment delay of 
17 days (IQR 7 to 38 days), longer than in eyes in which SRF 
decreased or remained unchanged (n = 112 eyes, median 
7 days, IQR 0 to 22.8 days; p < 0.001).

As shown in Table 4, eyes with RVO are the most likely 
to develop worsening CST, MCST, and/or IRF for each 

1-week delay in treatment. The odds ratio (OR) of worsen-
ing CST, MCST, IRF, and SRF, as well as the OR of overall 
worsening (i.e., worsening in at least one of the above four 
parameters), is summarized for each retinal pathology.

Discussion

The T&E protocol is commonly used to manage patients 
receiving intravitreal anti-VEGF therapy for retinal dis-
ease; in our clinic, we use the T&E protocol to treat patients 
who present with nvAMD, DME, and RVO. The premise 
of this approach is a proactive treatment strategy that aims 
to preserve a dry (i.e., fluid-free) macula using anti-VEGF 
treatments scheduled at intervals that are based on the indi-
vidual patient’s clinical progress. Despite the popularity of 
this treatment approach, strikingly little data is available 
regarding the consequences of deviating from the recom-
mended T&E schedule. The COVID-19 pandemic has led to 
a major decrease in the number of patients who can receive 
routine treatment and has also affected the regular IVI treat-
ment schedule [11–14]. We therefore used data regarding 
treatment delays experienced during the pandemic in order 

Table 3   Summary of eyes that got worse (based on a measured change in IRF and SRF) and the median change in CST and MCST in eyes for 
which treatment was delayed by the indicated number of days

* p < 0.05 vs. the eyes for which treatment was delayed < 7 days
† Analysis not applicable
nvAMD neovascular age-related macular degeneration; DME diabetic macular edema; RVO retinal vein occlusion; CST central subfield thick-
ness; MCST maximum central subfield thickness; IQR interquartile range; NA not applicable

Treatment delay (days) Total

0–6 7–28 29–56 57–84  > 84

nvAMD N 192 182 78 40 5† 497
Eyes that got 

worse, N (%)
24 (12.5) 58* (31.9) 29* (37.2) 18* (45.0) 1 (20.0)

Change in CST, 
microns (IQR)

 − 1.0 (− 13 to 7) 0.0 (− 65 to 63) 2.0 (− 54 to 20.5) 0.5 (− 39.5 to 136)  − 6.0 (− 16 to 5.5)

Change in MCST, 
microns (IQR)

 − 1.0 (− 19 to 11.8) 1.0 (− 63 to 64) 8.0 (− 27 to 73)* 1.5 (− 23.5 to 89.5)  − 8.0 (− 23.5 to 
14.5)

DME N 58 80 41 17 4† 200
Eyes that got 

worse, N (%)
9 (15.5) 25* (31.3) 21* (51.2) 9* (52.9) 2 (50.0

Change in CST, 
microns (IQR)

 − 2 (− 40.5 to 9.3) 7.5 (− 24.8 to 
32.3)*

 − 12.0 (− 51.8 to 
29.3)*

179.5 (62.5 to 
470.5)

12.0 (− 8 to 189.5)

Change in MCST, 
microns (IQR)

 − 6.5 (− 25.5 to 
24.5)

 − 15.0 (− 32 to 
38.8)*

 − 14.5 (− 66.8 to 
36.3)*

180.0 (74.8 to 
484.8)

8.5 (− 10 to 174)

RVO N 56 53 20 0 0 129
Eyes that got 

worse, N (%)
6 (10.7) 26* (49.1) 11* (55.0) NA NA

Change in CST, 
microns (IQR)

 − 10.0 (− 82.5 to 
12.5)

0.0 (− 14.3 to 9.8)* 11.5 (− 0.75 to 
81.3)*

NA NA

Change in MCST, 
microns (IQR)

 − 9.0 (− 113.3 to 
26)

4.5 (− 7.5 to 18.7)* 13.0 (− 2.8 to 
129.5)*

NA NA
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to gain insight into the consequences of deviating from the 
recommended T&E anti-VEGF schedule in patients with 
nvAMD, DME, and RVO.

During the initial 8 weeks of the pandemic, more than half 
of our patients received treatment later than recommended, 
with an average delay of approximately 4 weeks. This delay 
in treatment may have stemmed from clinic-related factors 
and/or patient/pandemic-related factors; however, because 
our clinic remained open and IVI treatments were available 
during the pandemic—with no change in schedule or rec-
ommended treatment interval—we believe that this delay in 
treatment was likely due to patient/pandemic-related factors 
such as patients’ fears regarding a visit to the clinic and/or 
difficulties associated with traveling to the clinic. Indeed, 
recent studies found that during the initial weeks of the 
COVID-19 pandemic in 2020, attendance for IVI treatment 
was decreased by up to 50% compared to the same period 
in 2019 [11, 13, 25], with one study in France showing that 
the decrease in IVI was not compensated fully in the first 
month after the lockdown was lifted [26]. Viola et al. [12] 
found that older patients were less adherent to treatment, 
and Borrelli et al. [15] reported that the largest drop in IVI 
treatment adherence occurred in patients who were being 
treated for posterior uveitis, RVO, or DME. Interestingly, our 
study revealed no correlation between the treatment delay 
and either age or gender. This difference may be explained—
at least in part—by regional differences in the prevalence of 
COVID-19 during the pandemic and the resulting concerns 
among patients [27].

Among nvAMD patients, we found a significant corre-
lation between the number of years that the patients had 
received IVI treatment and length of treatment delay. Long-
term follow-up studies on nvAMD patients under treatment 
with anti-VEGF have shown that the development of com-
plications like atrophy and scarring is common overtime 
and have detrimental effects on vision [28, 29]. Thus, it is 
possible that those patients would likely delay treatment dur-
ing the pandemic, if they felt that receiving anti-VEGF injec-
tion did not significantly improve their vision. Additionally, 

among nvAMD patients, we found that patients on bevaci-
zumab had a longer delay to treatment compared to patients 
on aflibercept and ranibizumab. A possible explanation to 
this could be the fact that in Israel, approval for treatment 
with aflibercept and ranibizumab in cases of partial or non-
response to bevacizumab needs to be approved from HMOs, 
using special application procedures, for the patient to ben-
efit from a partial reimbursement over a limited number of 
injections. Whereas treatment with bevacizumab is usu-
ally easily approved with full reimbursement, it is possible 
that the extra strain and monetary investment required to 
get treatment with aflibercept and ranibizumab render the 
patients to be more conscious and compliant to treatment.

We found that delaying anti-VEGF treatment was cor-
related with an increase in CST, regardless of the underly-
ing retinal pathology. Thus, the treatment delay was gener-
ally longer in the eyes in which IRF and/or SRF increased 
compared to eyes in which the fluid either decreased of was 
unchanged. These data support the importance of meticu-
lously following the recommended T&E schedule in order 
to prevent increased exudate formation in nvAMD, DME, 
and RVO [16–18]. For example, Chong Teo et al. examined 
286 nvAMD cases and found that timely T&E treatments 
resulted in a larger reduction in CST and a larger gain in 
VA [18]. Our results confirm these findings with respect to 
CST in nvAMD and extend them to include DME and RVO; 
similarly, previous studies have shown that missing one or 
more IVI treatment can result in poorer visual outcome in 
CRVO and DME cases [4, 22]. In addition, the nvAMD, 
DME, and RVO cases in our study had an increased risk of 
worsening for each incremental week’s delay in treatment. 
Thus, delays in IVI treatment should be avoided, particularly 
in patients with RVO-related macular edema, as we found 
that these cases are more likely to worsen due to such delays. 
Interestingly, we found that patients with RVO generally had 
a shorter treatment delay compared to patients with DME 
and patients with nvAMD. One possible explanation for this 
finding might be that patients with RVO may have previously 
experienced detrimental effects after delaying treatment and 

Table 4   Odds ratio of worsening CST, MCST, IRF, and SRF for each retinal pathology for each 1-week increase in treatment delay

* Refers to worsening in at least one of the 4 parameters measured
CI confidence interval; OR odds ratio; CST central subfield thickness; MCST maximum central subfield thickness; IRF intraretinal fluid; SRF 
subretinal fluid; nvAMD neovascular age-related macular degeneration; DME diabetic macular edema; RVO retinal vein occlusion

nvAMD DME RVO

OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value

Change in CST 1.040 0.990–1.094 0.121 1.154 1.062–1.254 0.001 1.204 1.035–1.402 0.016
Change in MCST 1.074 1.020–1.130 0.007 1.128 1.0411.223 0.003 1.200 1.030–1.398 0.020
IRF 1.141 1.070–1.217  < 0.001 1.196 1.100–1.301  < 0.001 1.418 1.201–1.676  < 0.001
SRF 1.111 1.044–1.183 0.001 1.035 0.813–1.318 0.777 1.525 0.950–2.448 0.081
Overall* 1.110 1.046–1.178 0.001 1.157 1.057–1.265 0.001 1.267 1.060–1.515 0.009

2206 Graefe's Archive for Clinical and Experimental Ophthalmology (2022) 260:2201–2208



1 3

are therefore more likely to receive their scheduled injec-
tions despite the ongoing pandemic.

This study has several caveats that warrant discussion. 
First, the study was retrospective and did not include data 
regarding VA. In our clinic, to reduce patient-staff interac-
tions, we deferred measuring VA in non-acute cases during 
the peak of the pandemic, unless the patient complained of a 
subjective decline in VA [10]. In addition, data regarding VA 
in the pre-lockdown visit were not available for all patients, 
because VA is usually measured once every 3 visits. Never-
theless, although VA data were not available for our analysis, 
CST and retinal fluid (IRF and/or SRF) are routinely used to 
guide IVI therapy in treating retinal pathologies. Moreover, 
an overall correlation has been reported between the change 
in VA and the change in macular thickness for the three reti-
nal pathologies included in our study [2, 3, 6]. Furthermore, 
Evans et al. [30] examined 1731 eyes with nvAMD in the 
CATT (Comparisons of Age-Related Macular Degeneration 
Treatments Trials) study and IVAN (Inhibition of VEGF in 
Age-related Choroidal Neovascularisation) trial and found 
that eyes with a large change in retinal thickness had worse 
best-corrected VA. Recently, Song et al. [31] reported the 
visual consequences of delaying anti-VEGF therapy in 376 
eyes by an average of approximately 5 weeks. The authors 
found that delaying therapy was more common among older 
patients and was associated with lower VA, DME, and PDR; 
moreover, they found that patients who missed a treatment 
had a larger loss of vision compared to patients who received 
their scheduled treatment [31]. Thus, our finding that delay-
ing treatment is associated with increased macular thickness 
suggests that delaying treatment in eyes being treated using 
a T&E protocol is likely associated with a decrease in VA.

Our findings highlight the importance of continuing to 
follow these patients closely, as lockdown measures remain 
a key tool for helping reduce the risk of spreading the SARS-
CoV-2 virus [32], thereby continuing to affect the ability to 
follow the recommended IVI treatment schedule, with delays 
in treatment leading to negative consequences with respect 
to anatomical and visual outcome.

In conclusion, the COVID-19 pandemic provided an 
interesting test case for evaluating the putative consequences 
of delaying IVI treatment in patients who have nvAMD, 
DME, or RVO and are being treated using the T&E pro-
tocol. Importantly, we found that delaying treatment was 
associated with increased macular thickness and with an 
increase in retinal fluid in these patients; moreover, the risk 
of worsening outcome increased with each incremental week 
of delayed treatment. Taken together, these data underscore 
the importance of strictly adhering to the recommended 
treatment schedule when using the T&E protocol.
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