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Purpose: To examine the return of patients to intravitreal injection clinic after the COVID-19 lockdown.
Patients and Methods: The electronic medical records of all patients who received intravitreal injections at a tertiary care Veterans 
Health Administration (VHA) clinic 14 weeks post-lockdown (5/9/20-8/13/20) in Los Angeles County were reviewed. Reference 
groups included injection patients during the 7-week COVID-19 lockdown (3/19/20-5/8/20) and a 7-week pre-pandemic period in 
2019 (3/19/19-5/8/19). Clinic volume was compared using a one-way ANOVA. Demographic data, medical and psychiatric co- 
morbidities, injection diagnoses, visual acuities, and clinic volumes were compared between the 3 periods using a generalized 
estimating equation multivariate analysis.
Results: The post-lockdown period group averaged 25.1 visits per week, compared with 12.3/week during lockdown and 25.4/week 
pre-COVID in intravitreal injection clinic. In the post-lockdown period, the VHA injection clinic returned closer to the pre-lockdown 
volume compared to the VHA comprehensive clinic (98.9% vs 57.4%, p < 0.001). Post-lockdown, COPD patients and organ transplant 
patients were less likely to receive injections compared to 2019 (OR 0.76 p = 0.008, OR 1.37 p < 0.0001, respectively). Patients with 
a diagnosis of cancer increased in proportion between the pre-pandemic and the post-lockdown periods (OR 1.31, p = 0.007). No 
differences were found, according to psychiatric co-morbidities. After lockdown, the proportion of patients receiving injections for 
diabetic macular edema (DME) increased (OR 1.11, p = 0.01).
Conclusion: Injection volume returned to pre-pandemic levels immediately after lockdown ended. However, patients with high-risk 
comorbidities did not return to intravitreal injection clinic post-lockdown. These results can inform medical organizations, which 
groups may need increased safety measures and targeted outreach to address their ophthalmic needs.
Keywords: age-related macular degeneration, anti-vascular endothelial growth factor, coronavirus, co-morbidities, diabetic 
retinopathy, retina

Introduction
The COVID-19 pandemic required physicians and patients to make difficult decisions about the urgency of ophthalmol-
ogy care. Los Angeles County enforced a stay-at-home order (referred to as “lockdown”) early during the pandemic to 
minimize the spread of COVID-19.1 Clinics quickly adopted symptom screening algorithms, mask enforcement policies, 
and disinfection protocols.2,3 Many specialties pivoted into telemedicine visits to continue providing care; however, 
ophthalmology often requires in-person visits with an exam in close proximity.4,5 Intravitreal injection clinics add to that 
exposure risk as both the injection and the necessary retinal imaging, such as optical coherence tomography (OCT), must 
be performed within the recommended safe social distancing.6,7

Intravitreal injections are one of the most commonly performed ophthalmological procedure.8 Anti-vascular endothelial 
growth factor (anti-VEGF) injections are effective treatments for neovascular age-related macular degeneration (nvAMD) 
and diabetic macular edema (DME), two of the most common indications for injections. These conditions demand regular 
visits and often require consistent injection intervals to prevent permanent visual impairment.9,10 The high-risk medical 
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comorbidities defined by the Centers for Disease Control and Prevention (CDC) for SARS CoV-2 infection overlap heavily 
with the patient population receiving intravitreal injections.11 During the lockdown, physicians were forced to triage vision- 
threatening conditions and allocate treatment based on the risk of permanent functional vision loss.12 On the other hand, 
patients also faced a difficult choice between losing vision versus risking serious COVID infection. COVID infections have 
also been linked to a broad range of ocular pathology, including posterior segment pathology. This wide array of uveal and 
retinal pathology has been reported to range from cotton wool spots and hemorrhages to optic neuritis, retinitis, panuveitis, 
and even vascular occlusions.13

We previously investigated both ophthalmic and non-ophthalmic factors during the COVID-19 lockdown period in 
Los Angeles County and found a decrease in patient volume by 50% along with an increased proportion of Hispanic 
patients, systemically healthier patients, and patients with a diagnosis of AMD compared with the year prior.14 In this 
current study, we sought to study similar factors in the intravitreal injection clinic in the period immediately after 
lockdown to identify ophthalmic trends in the post-lockdown era.

Materials and Methods
Data Collection and Subjects
This retrospective cohort study was approved by the Institutional Review Board of the Greater Los Angeles Veterans 
Health Administration (VHA). The veteran population is considered a vulnerable population due to increasing minority 
composition.15 Given the retrospective nature of this study, patient consent to review medical records was waived by the 
IRB. The IRB approval number is 2020–000187. Confidentiality of patient data was maintained, and this study was 
compliant with the Declaration of Helsinki.

Patient charts were reviewed using the VHA Computerized Patient Record System (CPRS). Data was collected from 
intravitreal injection clinic, comprehensive clinic, and retina clinic from the pre-lockdown (March 19th, 2019 to May 8th, 
2019), lockdown (March 19th, 2020 to May 8th, 2020), and post-lockdown (May 9th, 2020 to August 13th, 2020) 
periods. Patient demographic information (eg age, gender, self-reported race, residential zip code, homeless status), 
ophthalmic status (eg visual acuity, diagnosis, indication for injection), and both medical and psychiatric co-morbidities 
[eg body mass index (BMI), hypertension, high-risk COVID-19 co-morbidities, mental health diagnoses] were collected. 
The medical conditions considered high-risk co-morbidities for COVID-19 disease by the Center for Disease Control and 
Prevention (CDC) were identified including cancer, chronic kidney disease, chronic obstructive pulmonary disease, heart 
conditions (defined as heart failure, coronary artery disease, cardiomyopathies, arrhythmias, or valvular insufficiencies), 
BMI (kg/m2), and type 2 diabetes.11 Associated psychiatric conditions, which have a higher prevalence among veterans 
than in the general population,16 including depression, anxiety, schizophrenia, schizoaffective disorder, post-traumatic 
stress disorder, psychosis, and others, were also recorded.

During the seven-week lockdown period of March 19th, 2020 to May 8th, 2020, patients were called one week in 
advance of their clinic appointments. Patients with decreased vision, any new vision complaints, or with a diagnosis of 
nvAMD or functional monocular status were encouraged to keep their appointments and come in for evaluation. Those 
with stable vision or other diagnoses [eg diabetic macular edema (DME), diabetic retinopathy (DR), retinal vein 
occlusion (RVO), or central serous retinopathy (CSR)] were encouraged to reschedule. Non-ophthalmic co-morbidities 
did not influence providers’ recommendations. Appointments were not canceled if the patient wanted to come in, 
regardless of diagnosis or vision. Patients in the same seven-week period from March 19th, 2019 to May 8th, 2019 
served as a pre-pandemic control group. The 14-week period immediately following the lifting of the lockdown order 
from May 9th, 2020 to August 13th, 2020 served as the post-lockdown group.

Statistical Analysis
All patients who attended intravitreal injection clinic during the time periods listed above were included for statistical 
analysis. One-way Analysis of Variance (ANOVA) with Dunnett correction for multiple comparisons was performed to 
analyze the proportion of visits per week compared to pre-lockdown. A p-value <0.05 was considered to be statistically 
significant. Generalized Estimating Equations (GEE) routine was used for analysis to allow for inter-eye correlation and 
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repeat measurements during each follow-up period. The GEE routine used a linear model to analyze the main effects 
between parameters using a robust estimator covariance matrix with an independent correlation structure. Parameter 
estimates (β) were used to calculate odds ratios (OR) with corresponding 95% confidence intervals (CI) and p-values. 
This routine was used to calculate ORs between two time periods, analyzing the rates of follow-up for each independent 
variable (demographic information, medical/psychiatric history, ophthalmic history) in a univariable model. This was 
repeated twice to calculate ORs for each combination of time periods. Bonferroni correction was applied to both analyses 
for two multiple comparisons: (1) pre- versus post-lockdown and (2) during versus post-lockdown. Thus, a p-value 
<0.025 was considered statistically significant due to multiple comparisons. A Pearson chi-square test between groups 
was used to compare the number of patients in each time period whose BMI > 30 or BMI > 40. Study data were managed 
using Research Electronic Data Capture (REDCap, Vanderbilt University, Nashville, TN). Matlab 2020a (Natick, MA, 
USA) was used for data handling and processing, and SPSS 27.0 (IBM Corp., Armonk, NY, USA) was used for statistical 
analysis.17,18

Results
The study sample included a total of 625 visits of 292 patients across all time periods. In the intravitreal injection clinic, 
the pre-, during, and post-lockdown period groups averaged 25.4, 12.3, and 25.1 visits per week, respectively. Table 1 
shows the mean visits per week in the pre-, during, and post-lockdown periods for various clinics as well as percentage of 
volume in the post-lockdown period compared to the pre-lockdown period. The comprehensive clinic averaged 57.4% 
(95% CI 0.428–0.719), retina clinic 77.2% (95% CI 0.602–0.941), and injection clinic 98.8% (95% CI 0.857–1.12) of 
their “normal” volume in the post-lockdown period. In comparison to the injection clinic, the comprehensive clinic post- 
lockdown volume was significantly lower (p = 0.0003), while the retina clinic volume only trended towards significance 
(p = 0.0597). The mean ages of patients in the intravitreal injection clinic for the pre-, during, and post-lockdown periods 
were 74.3, 72.0, and 74.6 years, respectively. Demographic data for each time period are presented in Supplemental 
Table 1. No significant difference was found in the gender of the patients between the groups. The proportion of Hispanic 
patients trended toward more in the lockdown period than in post-lockdown (OR 1.13, p = 0.027). No other significant 
differences were found between groups for the proportion of those self-identified as White, Black, Asian, or Pacific 
Islander between each of the time periods (Figure 1).

Medical and psychiatric co-morbidities of patients in each time period are provided in Supplemental Table 2. There 
was no significant difference in the mean BMI (Supplemental Table 2), presence of diabetes, or presence of chronic 
kidney disease in patients in each of the time periods (Figure 2). As the risk for COVID-19-related morbidity increases 
with BMI, a chi-square analysis was performed to compare the number of patients in each time period with obesity (BMI 
> 30) or severe obesity (BMI > 40). This analysis demonstrated no difference in the number of patients between each 
period (Supplemental Tables 3 and 4).11 Post-lockdown, COPD patients and organ transplant patients were less likely to 
receive injections compared to 2019 (OR post vs pre-lockdown 0.76 p = 0.008, OR 0.62 p < 0.0001, respectively) 
(Figure 2). In the pre-pandemic period, 11.2% of patients had a history of organ transplant, but during the lockdown 
period, zero patients with organ transplant history presented to clinic; after the lockdown, those patients comprised only 

Table 1 Clinic Volume

Pre-Lockdown 
(Visits/Week)

Lockdown 
(Visits/Week)

Post-Lockdown 
(Visits/Week)

Ratio of Post- vs Pre-Lockdown 
Volume (Mean ± 95% CI)

p-value 
(Compared to 

Injection)

Comprehensive 54.0 8.6 31.0 57.4% ± 14.6%* 0.0003

Retina 26.8 4.6 20.6 77.2% ± 16.9% 0.0597

Injection 25.4 12.3 25.8 98.8% ± 13.1%

Note: * p < 0.05.
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4.2% of the patient volume. Patients with cancer diagnoses comprised a lower proportion of pre-pandemic patients 
compared to post-lockdown patients (OR 0.77, p = 0.007).

Our data showed no significant differences in the proportion of patients with psychiatric co-morbidities between the 
time periods, except for psychosis and schizoaffective disorder though there were very few patients in each group (n ≤ 3). 
The proportion of patients with depression trended toward a decrease from 20.2% in 2019 to 16.3% during lockdown to 

Figure 1 Odds ratios of demographic variables. No significant differences were found in demographics when comparing periods against the post-lockdown period (A). 
Demographic variables of pre- vs post-lockdown time periods (B). Demographic variables of during vs post-lockdown time periods. Significance set at p<0.025 to account 
for multiple comparisons.

Figure 2 Odds ratios of medical and psychiatric co-morbidities. In the pre-lockdown period compared to the post-lockdown period, significantly more patients with COPD 
or organ transplants received intravitreal injections. Comparison of during vs post-lockdown periods showed significantly decreased patients with solid organ transplants. 
Patients with cancer were significantly increased in the post-lockdown period in comparison to pre-lockdown. No significant differences were found in the proportion of 
patients with psychiatric co-morbidities in either of the time period comparisons. (A) Medical co-morbidities of pre- vs post-lockdown time periods (B). Medical co- 
morbidities of during vs post-lockdown time periods (C). Psychiatric co-morbidities of pre- vs post-lockdown time periods (D). Psychiatric co-morbidities of during vs post- 
lockdown time periods. Significance set at p<0.025 to account for multiple comparisons. **p < 0.01. ****p < 0.0001.
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14.1% in the post-lockdown period, but these differences were not significant. Similarly, patients with anxiety decreased 
from 7.3% to 5.8% to 4.2%, but these differences were not statistically significant.

Figure 3 and Supplemental Table 5 contain the proportion by indication for which patients received intravitreal 
injections during each time period. This analysis demonstrated no significant differences in patients receiving injections 
for nvAMD when comparing the pre- and post-lockdown periods or the during and post-lockdown periods (OR 0.98 and 
0.91, respectively). After lockdown, the proportion of patients receiving injections for diabetic macular edema (DME) 
increased in the post-lockdown versus the lockdown period (OR for during vs post-lockdown 0.90 with reciprocal OR 
1.11, p = 0.01) and was not significantly different from the “pre-pandemic” period (OR 0.95, p = 0.58). There were no 
other significant differences found among other indications for injections (eg RVO, CSR or pachychoroid, and other) 
between the time periods.

Discussion
The COVID-19 lockdown, an unprecedented event, was unsustainable, as businesses and healthcare institutions suffered 
remarkable financial losses and in some cases, operational insolvency.19,20 Despite the lockdown ending in May of 2020, 
COVID-19 was still a palpable threat without the availability of a vaccine at that time. Physicians and patients had little 
guidance on how to proceed in the post-lockdown era while still needing to maintain precautionary measures. This study 
showed that immediately after lockdown, the VHA intravitreal injection clinic returned to its pre-COVID-19 volume but 
was comprised of systemically healthier patients seeking treatment. Furthermore, there was a rebound in the number and 
proportion of diabetic patients who had delayed injections during lockdown.

Interestingly, our previous study demonstrated a significant rise in the Latino/Hispanic proportion of patients in 
injection clinic during the lockdown, which was not true after restrictions were lifted.14 Our previous theory was that 
Hispanic patients tend to live in multigenerational housing and have a higher proportion of essential workers, which 
would increase the exposure risk to COVID-19. Though we cannot exactly determine why there was such a difference, 
we speculate that much higher COVID-19 infection and death rates in the Latino/Hispanic population during March and 
April21 may have caused this vulnerable population to take more precautions and stay at home in May and June even 
after the lockdown was lifted.

Our data demonstrate that although overall injection clinic volume returned to baseline after lockdown, even faster 
than other ophthalmology clinics, patients with COPD and solid organ transplants, both high-risk co-morbidities, were 
less likely to return to clinic post-lockdown. It makes sense that these groups chose to limit their exposure given the 
significantly increased mortality and hospitalization risk if infected with COVID-19. It is important for ophthalmologists 
to be aware of this trend to identify patients with high-risk systemic co-morbidities and accommodate their safe return to 

Figure 3 Odds ratios of indications for intravitreal injections. Comparison of during vs post-lockdown period showed a significant decrease in the proportion of patients 
receiving intravitreal injections for diabetic indications during lockdown. There were no significant differences found in the indications for intravitreal injections between pre- 
and post-lockdown time periods (A). Indications for injections of pre- vs post-lockdown time periods (B). Indications for injections of during vs post-lockdown time periods. 
Significance set at p<0.025 to account for multiple comparisons. *p < 0.025.
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intravitreal injection clinic for continued vision care.22 Our data contained a significant proportion of diabetic patients in 
the intravitreal injection clinic during each period. As diabetes causes widespread microangiopathy, other studies have 
demonstrated that diabetic retinopathy and nephropathy can be frequently associated and correlate in severity.23–26 

Attendance in injection clinic by diabetics and patients with chronic kidney disease was not significantly different 
between periods in our study. Since our data suggest that these patients are likely to continue physician visits even during 
lockdown measures, it is important that these patients be referred for multifactorial diabetes management to reduce their 
cardiovascular and overall mortality, especially with emerging data demonstrating long-term elevated cardiovascular 
risk.25,27

Veterans have a higher incidence of psychiatric co-morbidities and that the pandemic may represent a factor 
destabilizing mental health, we hypothesized that these patients would be most affected during the pandemic.16 Other 
studies have shown that the pandemic increased anxiety and depression, as well as creating difficulties in accessing 
mental health care.28,29 There were statistical differences in those diagnosed with psychosis or schizoaffective, but we 
caution limited extrapolation given the very small number of patients. Our data showed that there were no significant 
differences in intravitreal clinic visits among those with a diagnosis of depression or anxiety. This may reflect the 
accessibility and high quality of mental healthcare within the Veteran healthcare system.

Injection and clinic volumes fell both nationally and worldwide as lockdown measures were enforced.30–34 While the 
VHA injection clinic returned to pre-pandemic volumes in the post-lockdown period, comprehensive and retina clinics at 
the same site continued to have a decreased volume of about 50%. Our facility opened the standard scheduling grids for 
these clinics in the post-lockdown period. This demonstrates the priority that both physicians and patients placed on 
continuing intravitreal injections as a delay in injections can lead to permanent vision loss. Other studies have 
demonstrated that pandemic-induced delays in care are associated with worse visual outcomes in patients who need 
injections for treatment across all types of diagnoses.35–38 Furthermore, one center reported a significant rise in large 
submacular hemorrhages as a result of the lockdown.39 Therefore, we are encouraged that injection clinic was able to 
rebound back to pre-lockdown volumes so quickly.

As with many other groups, we prioritized those with nvAMD over RVO and diabetic indications for injection during 
the lockdown period.12,33,40 Our results support that nvAMD patients are continuing their treatments during and after the 
lockdown. Previous randomized trials of patients with DME show that treatment can be delayed in eyes with good visual 
acuity.41 Telemedicine has been shown to be efficacious in the diagnosis and management of diabetic retinopathy.26,42 

Spurred on by the pandemic, telemedicine could offer increased access to care and decentralized monitoring of diabetic 
retinopathy or macular edema patients via physician review of images instead of face-to-face visits during lockdown 
times.43 However, post-pandemic studies have demonstrated delays in care resulted in worse short-term visual outcomes 
for diabetic retinopathy.37,44 Therefore, we view it favorably that immediately after we stopped the triage process post- 
lockdown, there was a rebound increase in patients receiving injections for diabetic indications, and we expect more to 
have returned in the post-vaccine area.

Strengths and Limitations
This study examined a racially diverse and often underserved, urban population with a high prevalence of medical and 
psychiatric co-morbidities from a composite EMR. Other studies have examined the visual acuity outcomes, clinic 
volumes, or indications for injection during the pandemic period, but to our knowledge, this study is the first to analyze 
and report on the co-morbidities of the patients in the post-lockdown era. A major limitation of this study may be related 
to ascertainment bias due to the retrospective nature of the study. The cohort studied was predominantly male, as this was 
a VHA-based study, which may not be representative of the general population. While this was a single-institution study, 
the West Los Angeles Veterans Affairs ophthalmology clinic is a tertiary care center providing intravitreal injections for 
a large catchment area and multiple satellite clinics across Southern California.

Future Directions
This study can be expanded into the post-vaccine era along with COVID variant-induced spikes to see whether repeated 
COVID surges continue to affect patient and physician decision-making on intravitreal injection clinics. Furthermore, 
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during future pandemics, this study and its framework can be used as a starting point to identify at-risk patients when 
access to ophthalmological care becomes limited.

Conclusion
Intravitreal injection clinic volume rebounded to pre-pandemic levels immediately following the state-mandated COVID- 
19 lockdown period in the spring of 2020, while other clinics continued at half of their pre-COVID-19 volume. However, 
patients with high-risk medical co-morbidities were less likely to return to the post-lockdown injection clinic, increasing 
their risk of permanent vision loss. These results can be used to appropriately allocate clinic resources towards injection 
clinic and determine which groups may need increased safety measures and targeted outreach to address their fears about 
returning to clinic and their ophthalmic needs.
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