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Abstract: Purpose: To investigate whether the coronavirus disease 2019 (COVID-19) pandemic-as-
sociated postponement in care had effects on the baseline clinical presentation of patients with 
newly diagnosed treatment-naïve exudative neovascular age-related macular degeneration (AMD). 
Methods: We included the first 50 consecutive patients referred within the COVID-19 pandemic 
with a diagnosis of treatment-naïve exudative neovascular AMD. Two groups of fifty consecutive 
patients with newly diagnosed neovascular exudative AMD presenting in 2018 and 2019 (control 
periods) were also included for comparisons. Results: Baseline visual acuity was statistically worse 
in patients referred during the COVID-19 pandemic period (0.87 ± 0.51 logarithm of the minimum 
angle of resolution (LogMAR)) as compared with both the “2019” (0.67 ± 0.48 LogMAR, p = 0.001) 
and “2018” (0.69 ± 0.54 LogMAR, p = 0.012) control periods. Data on the visual function after a load-
ing dose of anti-vascular endothelial growth factor (VEGF) was available in a subset of patients (43 
subjects in 2020, 45 in 2019 and 46 in 2018, respectively). Mean ± SD best corrected visual acuity 
(BCVA) at the 1-month follow-up visit after the third anti-VEGF injection was still worse in patients 
referred during the COVID-19 pandemic (0.82 ± 0.66 LogMAR) as compared with both the “2019” 
(0.60 ± 0.45 LogMAR, p = 0.021) and “2018” (0.55 ± 0.53 LogMAR, p = 0.001) control periods. On 
structural optical coherence tomography (OCT), the maximum subretinal hyperreflective material 
(SHRM) height and width were significantly greater in the COVID-19 pandemic patients. Conclu-
sions: We demonstrated that patients with newly diagnosed treatment-naïve exudative neovascular 
AMD referred during the COVID-19 pandemic had worse clinical characteristics at presentation 
and short-term visual outcomes. 

Keywords: COVID-19; retina; neovascular AMD; outcome 
 

1. Introduction 
The development of macular neovascularization (MNV) is a frequent cause of vision 

decrease in age-related macular degeneration (AMD) patients [1,2]. The anti-vascular en-
dothelial growth factor (VEGF) treatment is currently considered as the gold standard in 
eyes with exudative neovascular AMD. 

While the anti-VEGF treatment proved to be effective for preventing disease progres-
sion and improving vision in patients with neovascular AMD, [3–5] a number of patients 
still do not respond ideally to this treatment. As an example, both the ANCHOR (Anti-
VEGF Antibody for the Treatment of Predominantly Classic Choroidal Neovasculariza-
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tion in AMD) [6] and MARINA (Minimally Classic/Occult Trial of the Anti-VEGF Anti-
body Ranibizumab in the Treatment of Neovascular AMD) [7] trials revealed that ~10% 
of patients have a significant loss of visual acuity in the first 24 months of treatment after 
baseline. A number of studies have identified baseline clinical characteristics associated 
with worse treatment outcomes [8–13]. Among these, an early detection and prompt treat-
ment were demonstrated to improve the visual outcome [14]. 

Outpatient care has been significantly revised during the coronavirus disease 2019 
(COVID-19) pandemic. As an example, in order to decrease the possibility of virus trans-
mission, providers have postponed elective and preventive visits, and outpatient assess-
ments have been limited to more urgent care [15–19]. At the same time, visits have been 
delayed by patients to avoid being exposed. Our group has recently quantified the de-
crease in in-person visits and intravitreal procedure volumes during the COVID-19 pan-
demic, and we displayed that outpatient care in AMD patients was the most impacted 
during this period [20]. 

Assuming that patients experiencing a longer delay between their first symptoms of 
exudative AMD and their first anti-VEGF injection have a lower likelihood of ameliorat-
ing vision after treatment, [21] the COVID-19-related contraction in outpatient volume 
and the consequent delay to treatment might have resulted in significant repercussions 
on the clinical presentation of patients with treatment-naïve neovascular AMD. 

Therefore, the purpose of our study was to quantify the effects of postponed care on 
clinical characteristics and outcomes of subjects with newly diagnosed treatment-naïve 
exudative neovascular AMD. In details, we assessed the baseline functional and anatomic 
features of these patients. Additionally, we analyzed the short-term visual outcomes after 
a 3-month loading dose of anti-VEGF. Our results may provide a valuable insight into 
elements influencing outcomes in real-life emergency settings. Furthermore, our data may 
be beneficial in handling AMD patients during successive waves of the COVID-19 out-
break or in other emergency settings. 

2. Methods 
The San Raffaele Ethics Committee was notified about this observational study, as 

for Italian legislation. This study adhered to the tenets of the Declaration of Helsinki and 
Health Insurance Portability and Accountability Act. Participants gave informed consent 
to be included in the study. 

2.1. Study Participants 
Subjects 50 years of age and older with newly diagnosed treatment-naïve neovascu-

lar AMD were enrolled from a medical retinal practice (Medical Retina and Imaging Unit) 
at the San Raffaele Scientific institute in Milan, Italy. In detail, the first 50 consecutive pa-
tients referred after 9 March 2020 (the date in which the first Italian COVID-19 lockdown 
was established) were included. Enrolled patients had a complete ophthalmologic exam-
ination including structural optical coherence tomography (OCT) that was performed 
with a Heidelberg Spectralis HRA + OCT (Heidelberg Engineering, Heidelberg, Germany) 
device. OCT macular imaging included 19 B-scans, each of which comprised 24 averaged 
scans, covering approximately 5.5 x 4.5 mm area centered on the fovea. OCT scans were 
included in presence of a minimum signal strength of 25, as advised by the manufacturer 
[22]. 

Exclusion criteria for analyzed eyes included: (i) any history of previous anti-VEGF 
injections; and (ii) any evidence of maculopathy secondary to causes other than AMD. 

In order to understand whether treatment-naïve exudative neovascular AMD pa-
tients enrolled during the COVID-19 pandemic had different clinical characteristics at 
presentation, we also included two groups of fifty consecutive patients with newly diag-
nosed neovascular exudative AMD presenting in 2018 and 2019 (control periods) for com-
parison. 
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2.2. OCT Grading 
Structural OCT images were graded for qualitative features previously proposed as 

suggestive of exudative disease activity, [23–25] including presence of subretinal fluid 
(SRF), intraretinal fluid (IRF), and subretinal hyperreflective material (SHRM). Structural 
OCT images were reviewed by two independent and experienced readers (EB and MB). 
Based on previous studies, [26,27] a lesion was graded as present if the reader had a more 
than 90% confidence that it was recognizable in at least 1 B-scan. Graders later met to 
compare level of agreement, and disagreements were resolved by open adjudication to 
yield a single assessment for each case. In those cases in which the graders did not agree 
on a single consensus result, the final decision was made by the senior author (GQ). A 
single reviewer (GV) also reviewed the OCT images for quantitative features, including: 
(i) maximum SRF height and width; and (ii) maximum SHRM height and width. These 
measurements were performed by calipers on structural OCT as previously described 
[28,29]. 

2.3. Statistical Analysis 
Statistical calculations were performed using Statistical Package for Social Sciences 

(version 20.0, SPSS Inc., Chicago, IL, USA). Continuous variables were compared by con-
ducting independent samples t-tests. Statistical significance of the differences for qualita-
tive variables was assessed using Fisher’s exact test. 

A p value <0.05 was determined to be statistically significant. 

3. Results 
Clinical characteristics of analyzed subjects are summarized in Table 1. Of the 150 

patients (150 eyes) with treatment-naïve newly diagnosed neovascular AMD included, 50 
were consecutively enrolled in 2020, whereas 50 patients were included in 2019 and 50 
patients had baseline visits in 2018. Time to complete the necessary enrollment of 50 con-
secutive patients was 207 days in 2020, 93 days in 2019, and 104 days in 2018. 

Table 1. Characteristics of analyzed patients in the three study periods. 

 2020 2019 2018 
Number of patients 

(eyes), n 50 (50) 50 (50) 50 (50) 

Gender, n (%) 
23 (46.0%) males 22 (44.0%) males 25 (50.0%) males 

27 (54.0%) females 28 (56.0%) females 25 (50.0%) females 
 1.0 a 1.0 b 

Mean age (years),  
mean ± SD 

80.7 ± 6.6 81.1 ± 5.9 79.9 ± 7.0 
 1.0 a 1.0 b 

BCVA (LogMAR), 
mean (SD) 

0.87 ± 0.51 0.67 ± 0.48 0.69 ± 0.54 
 0.001 a 0.012 b 

Type of MNV, n (%) 
30 type 1 (60.0), 9 type 2 

(18.0), 11 type 3 (22.0) 
27 type 1 (54.0), 10 type 
2 (20.0), 13 type 3 (26.0) 

35 type 1 (70.0), 6 type 2 
(12.0), 9 type 3 (18.0) 

 1.0 a 1.0 b 
OCT evidence of 

intraretinal fluid, n (%) 
32 (64.0) 30 (60.0) 31 (62.0) 

 1.0 a 1.0 b 
OCT evidence of 

subretinal fluid, n (%) 
30 (60.0) 33 (66.0) 32 (64.0) 

 1.0 a 1.0 b 
OCT evidence of 

SHRM, n (%) 
35 (70.0) 32 (64.0) 32 (64.0) 

 1.0 a 1.0 b 
n: number of eyes; BCVA: best corrected visual acuity (logMAR (logarithm of the minimum angle 
of resolution)); MNV: macular neovascularization; SD: standard deviation; OCT: optical coherence 
tomography; SHRM: subretinal hyperreflective material. a comparison versus V-1; b comparison 
versus V-2. 
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On structural OCT, no differences in terms of qualitative characteristics (presence of 
IRF, SRF, and SHRM) were detected among the study periods (Table 1). Considering only 
patients with evidence of SHRM, the maximum SHRM height and width were signifi-
cantly greater in the COVID-19 pandemic patients (245.2 ± 228.2 μm and 2316.2 ± 461.9 
μm, respectively) as compared with both the “2019” (126.6 ± 122.6 μm and 760.3 ± 128.5 
μm, p = 0.016 and p = 0.009, respectively) and “2018” (148.9 ± 166.2 μm and 947.1 ± 151.7 
μm, p = 0.045 and p = 0.016, respectively) periods. 

Similarly, considering only patients with OCT evidence of SRF, the maximum SRF 
height and width were slightly greater in “2020” patients (1828.3 ± 1045.4 μm and 180.5 ± 
108.6 μm, respectively) in comparison with patients referred in the two previous years 
(1250.9 ± 772.4 μm and 163.6 ± 52.3 μm in 2019, 1356.1 ± 711.3 μm and 166.1 ± 87.9 μm in 
2018, respectively), although this difference did not reach the statistical significance (p = 
0.080 and p = 0.513 for 2019 vs. 2020, p = 0.120 and p = 0.607 for 2018 vs. 2020, respectively). 

Baseline best corrected visual acuity (BCVA) was statistically worse in patients re-
ferred during the COVID-19 pandemic period (0.87 ± 0.51 logarithm of the minimum an-
gle of resolution (LogMAR)) as compared with both the “2019” (0.67 ± 0.48 LogMAR, p = 
0.001) and “2018” (0.69 ± 0.54 LogMAR, p = 0.012) control periods (Table 1). Of the 50 
patients included in this analysis during the COVID-19 pandemic, 31 had dry AMD in the 
fellow eye (unilateral neovascular AMD group), while 19 were affected by previously 
treated neovascular AMD in the fellow eye (bilateral neovascular AMD group). At base-
line, BCVA was slightly better in the bilateral neovascular AMD group (0.83 ± 0.49 Log-
MAR) than in the unilateral neovascular AMD group (0.90 ± 0.53 LogMAR), although this 
difference did not reach statistical significance (p = 0.215). 

Data on the visual function after a 3-month loading dose of anti-VEGF was available 
in a subset of patients (43 subjects in 2020, 45 in 2019, and 46 in 2018, respectively). Mean 
± SD BCVA at the 1-month follow-up visit after the third anti-VEGF injection was still 
worse in patients referred during the COVID-19 pandemic (0.82 ± 0.66 LogMAR) as com-
pared with both the “2019” (0.60 ± 0.45 LogMAR, p = 0.021) and “2018” (0.55 ± 0.53 Log-
MAR, p = 0.001) control periods. 

4. Discussion 
In this study we assessed whether the postponement in diagnosis and therapy sec-

ondary to the COVID-19 pandemic had an impact on patients with newly diagnosed treat-
ment-naïve exudative neovascular AMD. Overall, we proved that patients referred dur-
ing the COVID-19 pandemic had different baseline clinical characteristics as compared 
with subjects presenting in the two previous control years. In addition, short-term visual 
outcomes were significantly worse in these patients, as compared with patients referred 
in the two pre-pandemic control periods. Our findings suggest that the COVID-19-related 
deferral in in-person visits was significantly associated with worse baseline clinical char-
acteristics in these patients. 

In a recent study, [20] our group proved that the COVID-19 outbreak caused a sig-
nificant decrease in in-person visits and intravitreal procedures at a referral medical retina 
practice. Importantly, this reduction was more pronounced in older patients, especially in 
those subjects affected by AMD [20]. Many factors were speculated to be implicated in the 
reduction in outpatient volume. First, ophthalmology departments applied novel risk-
stratification protocols to reduce personnel and patient risks [15,16,19,30]. These guide-
lines were also aimed at reducing the person-to-person transmission by deferring non-
urgent visits. Second, patients were also limited in crossing borders between regions, and 
this may have further restricted their capability to attend visits. Third, many patients also 
procrastinated visits because of a fear of COVID-19 exposure. In the present study, the 
time to complete the necessary enrollment of 50 consecutive patients was superior in the 
pandemic period, this suggests a significant COVID-19-related delay for patients’ presen-
tation. 
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In a successive study, [31] we investigated the impact of COVID-19-related delayed 
care on the visual and anatomic outcomes of subjects with neovascular AMD under a pro 
re nata (PRN) approach. In detail, we enrolled 100 consecutive patients that had a follow-
up visit (pandemic visit - V0) between 9 March 2020 and 12 June 2020 (during and imme-
diately after the first COVID-19 outbreak wave in Italy). In this study cohort, functional 
and anatomical findings from this visit were compared with those obtained from the two 
preceding visits (pre-pandemic visits: V-1 and V-2). In the latter study, we demonstrated 
that clinical characteristics of enrolled patients were significantly worse at the pandemic 
visit, as visual acuities were diminished and OCT signs of exudation were more prevalent 
at this assessment. Based on these findings, we concluded that the COVID-19 pandemic-
related postponement in patient care was significantly associated with worse short-term 
outcomes in AMD patients under PRN therapy. 

We add to the literature by reporting the impact of delayed care secondary to the 
COVID-19 pandemic on the clinical presentation of newly diagnosed treatment-naïve ex-
udative neovascular AMD patients. In our study cohort of patients referred for exudative 
neovascular AMD during the COVID-19 pandemic, the visual acuity was significantly 
worse as compared with patients referred in the two control periods. Holz and colleagues 
[32] reviewed 2227 patients with neovascular AMD and receiving anti-VEGF treatment in 
clinical practice. The latter study of real-life anti-VEGF therapy demonstrated that a lower 
baseline visual acuity was significantly associated with worse outcomes in these patients. 
Delay to treatment was demonstrated to be responsible for irreversible visual acuity de-
terioration in treatment-naïve neovascular AMD patients [14,33,34]. Therefore, our results 
may suggest that the COVID-19-related delay in care may have significant and irreversi-
ble effects on the visual outcomes of these patients. These interpretations are further con-
firmed by our post hoc analysis on patients with longitudinal data. Indeed, visual acuity 
was still worse in the pandemic group after the loading anti-VEGF therapy, as compared 
with the two control periods. 

Although differences were not statistically significant, our analysis seems also to sug-
gest that patients with neovascular AMD in the fellow eye had a better visual acuity at 
presentation. This is probably related to the fact that patients who had already experi-
enced neovascular AMD in the fellow eye are less prone to delay the initial visit and start 
therapy, as previously suggested [35,36]. 

Several studies have suggested that structural OCT imaging may be a valuable and 
reliable tool for determining baseline predictive factors of treatment response in eyes with 
exudative neovascular AMD. Subretinal hyperreflective material or SHRM is visualized 
using structural OCT as hyperreflective material located below the neuroretina [12,37]. 
This OCT feature may represent various tissue forms, including fluid, fibrin, blood, scar, 
and vessels [12,25,37,38]. Of note, SHRM was shown to be an important morphologic bi-
omarker for neovascular AMD, as both its presence and characteristics were associated 
with poorer visual outcomes in treatment-naïve neovascular AMD eyes [12,39,40]. In our 
study cohort, in those patients with SHRM at the baseline visit, the lesion size was signif-
icantly greater in patients referred during the COVID-19 pandemic. Using structural OCT, 
Kumar and colleagues [41] analyzed 170 patients with a diagnosis of treatment-naïve ex-
udative neovascular AMD and a follow-up of 24 weeks. The authors of this study meas-
ured the baseline (pre-treatment) SHRM characteristics on structural OCT images and cor-
related these values with visual outcomes at the 12-week and 24-week follow-up visits. 
They demonstrated that baseline SHRM size was significantly associated with worse vis-
ual acuities at follow-up visits. Furthermore, SHRM decreases in size with anti-VEGF ther-
apy [12] and thus a delay in treatment may facilitate a growth in SHRM size. Taken to-
gether, these data may suggest that the COVID-19-related delay in care among patients 
with newly diagnosed exudative neovascular AMD might have caused a growth in SHRM 
size, and this may significantly impact on the final outcome of these patients. 

Limitations of this report include the analysis of a single community setting in north-
ern Italy, which to date is one of the most affected regions worldwide. Furthermore, we 
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were not able to provide a multimodal imaging description of our patients as our study 
cohort was not homogeneously imaged with the same modalities. As a consequence, we 
did not report on associations between the nature of SHRM and outcomes. The strengths 
of our study include its design and the large sample size of consecutively enrolled pa-
tients. 

In conclusion, in a tertiary referral retina unit, the COVID-19-related postponement 
in care proved to be significantly associated with worse baseline clinical characteristics in 
patients with newly diagnosed treatment-naïve exudative neovascular AMD. Although 
the COVID-19 pandemic is limited in time, these findings may help broaden our 
knowledge regarding the management of these patients in an emergency setting. Finally, 
our results may help eye doctors to estimate the chance of vision deterioration associated 
with visits’ postponement and treatment delay in patients with treatment-naïve exudative 
AMD. 
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