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Abstract
Purpose There are limited studies on factors that impacted retina clinic patient outcomes during the COVID-19 pandemic. 
We aimed to evaluate visual and anatomic outcomes in patients with diabetic macular edema (DME) requiring anti-VEGF 
injections at the veterans’ affairs tertiary care eye clinic in Houston, TX.
Methods Patient volume from April 2020 was compared to that of April 2019 to determine attendance changes. To evalu-
ate outcomes, we reviewed patients with DME who had scheduled appointments during April 2020. We tracked changes 
in central foveal thickness (CFT) and Snellen visual acuity (VA) measurements. Patient outcomes were classified as poor 
(defined as worsening VA or CFT at follow-up) or good (no worsening of either at follow-up). Regression analysis identified 
characteristics associated with poor outcomes.
Results To prevent the spread of COVID-19, patients were called to reschedule clinic appointments. Attendance frequency 
decreased from 523 patients in April 2019 to 246 patients in April 2020. 134 patients met inclusion criteria (mean age of 
64.7 ± 8.8 years). 19/134 of patients were seen on schedule, 89/134 had delayed appointments (average follow-up interval of 
115.2 ± 50.0 days), and 26/134 were lost to follow-up. Patients with delayed appointments had higher odds of poor outcome 
at follow-up compared to patients seen on schedule (OR = 4.03, 95% CI: 1.14–16.92, p = 0.04). Patient’s baseline visual 
acuity, macular thickness, comorbidities, and diabetic retinopathy severity, and demographics did not affect visual outcome 
at follow-up.
Conclusions On average, patients were rescheduled to a visit 2.4 months later than their usual visit. Over half these patients 
experienced worsening of vision or edema. This demonstrates that lapses in care result in worsening of DME. However, 
there is no clear association between baseline characteristics and risk of disease progression.
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Introduction

Approximately one in three patients with diabetes will 
develop diabetic retinopathy, and diabetic macular edema 
(DME) is one of the vision-threatening sequalae [1]. DME 
affects approximately 21 million people worldwide [2] and is 

a leading cause of preventable blindness among working-age 
adults in the United States [3]. Intravitreal injections with 
anti-vascular endothelial growth factor (VEGF) agents miti-
gate vision loss in DME, but patient adherence to injection 
schedules is important to ensure best treatment outcomes [4].

Patient volumes at hospital and outpatient settings in the 
United States saw significant decreases after COVID-19 was 
declared a national emergency in mid-March 2020, with the 
sharpest declines in the immediately following weeks [5, 6]. 
Similarly, retina clinics within the country also experienced 
a decrease in both the number of patient visits and number 
of intravitreal injections performed [7].

Suggestions for adapting intravitreal injection scheduling 
included increasing the intervals between injections or the 
use of treatment priority levels [8, 9]. Certain ophthalmology 

 * Roomasa Channa 
 rchanna@wisc.edu

1 Department of Ophthalmology, Baylor College of Medicine, 
Houston, TX, USA

2 Institute for Clinical and Translational Research, Baylor 
College of Medicine, Houston, TX, USA

3 Department of Ophthalmology, UW Health, 2880 University 
Ave, Madison, WI 53705, USA

/ Published online: 12 May 2022

Journal of Diabetes & Metabolic Disorders (2022) 21:759–768

http://orcid.org/0000-0002-1292-9322
http://crossmark.crossref.org/dialog/?doi=10.1007/s40200-022-01049-5&domain=pdf


1 3

centers limited in person intravitreal injections to just 
patients with high risk of vision loss, which reduced patient 
volume and risk of COVID-19 transmission [10].

Studies have been published showing that COVID-19 
related delays in treatment were associated with worsened 
visual acuity and macular thickness among patients under-
going anti-VEGF injections [11, 12]. Our study is unique 
in that we strictly focus on outcomes among patients with 
diabetic macular edema, whereas the aforementioned stud-
ies include all categories of patients requiring anti-VEGF 
injections (e.g. neovascular age related macular degenera-
tion, retinal vein occlusions) Furthermore, our study focuses 
on a patient population at a tertiary care veterans affairs hos-
pital, a population which is on average older, and therefore 
at higher risk of COVID-19 related complications and also 
at a higher risk of health disparities compared to the general 
population [13].

Our study was performed at a retina injection clinic 
located within a tertiary care veterans’ affairs hospital in 
Houston, Texas. The aims of our study were to: 1) deter-
mine difference in clinic volumes pre and post COVID-19 
related restrictions; 2) determine visual and anatomical out-
comes among patients with diabetic macular edema; and 3) 
identify patient characteristics associated with poor visual 
and anatomical outcomes following a delay in injection 
appointments.

Methods

This study adheres to the tenets of the Declaration of Hel-
sinki and was approved by the Baylor College of Medi-
cine and the Veterans Affairs Institutional Review Board. 
Informed consent was waived by the institutional review 
board as the data were collected retrospectively.

Study population

This retrospective study included patients aged 18 and older 
who had appointments at Michael E. DeBakey Veterans 
Affairs Medical Center’s retina injection clinic from April 
1, 2020 to April 30, 2020. The number of patient appoint-
ments at the retina clinic was also recorded for April 1, 2019 
to April 30, 2019 in order to compare patient volumes. April 
was chosen because the retina injection clinic had fully 
adopted recommendations for rescheduling visits by the 
beginning of April 2020.

Study design

Study data were obtained from the Computerized Patient 
Record System (CPRS), which is the electronic medical record 
used throughout the veterans’ affairs medical systems. ICD-10 

diagnosis codes were used to identify patients who had dia-
betic macular edema. We reviewed physician notes to confirm 
the diagnosis and identify patients undergoing injections.

Optical coherence tomography (OCT) images were used 
to determine macular edema. Visit information was obtained 
for baseline (defined as the most recent visit prior to COVID 
-19 restrictions i.e. visit between January 1, 2020 to March 
31,2020) and follow-up (defined as the patient’s return to 
clinic between April 1, 2020 to December 1, 2020) peri-
ods to determine the changes in visual acuity and foveal 
thickness.

Inclusion and exclusion criteria

Patients were included for the final analysis if they 1) had 
a diagnosis of DME; 2) had an anti-VEGF injection within 
the 3 months prior to and including their baseline visit; 3) 
had at least one visit each during the baseline and follow-up 
intervals. We excluded patients if they had any eye surgery 
or steroid injections within the 3 months prior to or at the 
baseline and follow-up visits.

Data collection

The following parameters were recorded for each patient 
included in this study: age, sex, Snellen VA with correc-
tion and pinhole, DR grade, anti-VEGF injection dates, past 
eye history, procedures in past 3 months, baseline visit date, 
if the patient underwent rescheduling, follow-up visit date, 
days between visits, baseline OCT image date, follow-up 
OCT image date, and central 1 mm foveal thickness (CFT).

Snellen VA was measured as the last line read correctly 
with refractive correction on a Snellen chart. OCT (Spec-
tralis, Heidelberg Engineering) was used to determine CFT, 
the values of which were measured automatically by the Hei-
delberg Eye Explorer (HEYEX) software. Snellen VA and 
CFT were recorded for both baseline and follow-up periods.

In our clinic, OCT imaging is typically not performed at 
every visit. In the study population, the image taken clos-
est to the visit date was selected for analysis as long as the 
image was within 3 months of the visit date.

Measurement of outcomes

For retina clinic attendance frequency, “appointments kept” 
was defined as the number of patients who presented to the 
clinic for their scheduled appointment in April. “Cancel-
lations” indicates the number of patients who originally 
had appointment(s) scheduled during April, but these 
appointment(s) were cancelled by either the retina clinic or 
the patient prior to the appointment date(s). “No shows” 
indicates the number of patients who did not present to the 
clinic and did not cancel their appointment(s) prior.
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Outcome analysis focused on changes in VA and retinal 
thickness in the interval between visits. For Snellen VA 
measurements, a gain of 1 line or more from baseline to 
follow-up was considered “improved” and loss of 1 line 
or more was considered “worsened.” VA outcomes were 
categorized as “stable” if the VA measurements changed 
by less than 1 line of vision. Edema outcomes were also 
categorized as by comparing the CFT values between the 
baseline and follow-up. A decrease in CFT value of 10% 
or more from baseline to follow-up was categorized as 
“improved,” and an increase of 10% or more was catego-
rized as “worsened.” Stable edema was defined as a change 
of less than 10%.

Poor outcome for a patient was defined as having any 
worsening (either in VA or edema or both) at follow-up. 
Good outcome was defined as having no worsening at fol-
low-up. If a patient was being treated for both eyes, the eye 
with the worse VA was included for analysis.

Statistical analysis

Patient demographics and clinic characteristics were sum-
marized by either a) median with  25th and  75th percentiles, 
b) mean with standard deviation or c) frequencies with per-
centages. Wilcoxon rank sum test or Pearson Chi-square test 
were used to determine if there was significant difference 
between patients who had on-schedule appointments and 
patients who had delayed appointments.

To identify baseline characteristics significantly associ-
ated with follow-up VA and follow-up CFT, we used sim-
ple linear regression. Multiple linear regression was used 
to determine whether the baseline characteristics identified 
were significantly associated with outcomes after adjusting 
for the number of weeks between appointments and other 
significant factors.

Univariable logistic regression was used to identify 
baseline characteristics associated with worse outcomes. 
Multivariable logistic regression was used to identify 
baseline characteristics significantly associated with worse 
outcomes after adjusting for time between appointments 
and other significant factors. A significance level of 0.05 
was used for all analyses.

Results

Change in retina clinic attendance rates

The World Health Organization declared COVID-19 a global 
pandemic in mid-March [14], and our eye clinic quickly 
adopted changes to reschedule patients to prevent the spread 
of COVID-19. At provider discretion, patients were called to 
postpone appointments. This contributed to a drastic decline 
in appointment attendance rates at our clinic. In the retina 
clinic, overall appointment attendance for all visits was lower 
in April 2020 compared to April 2019 (Fig. 1).

In April 2020, there was a 53.0% decrease in appointments 
kept and an 84.8% increase in cancellations or no shows com-
pared to April 2019. 694 patients had an appointment scheduled 
at the retina clinic in April 2019: 75.4% (523/694) of patients kept 
their April appointment, and 24.6% (171/694) patients canceled 
or were no shows. 562 patients had an appointment scheduled in 
April 2020: 43.8% (246/562) of patients kept their appointment, 
and 56.2% (316/562) patients canceled or were no shows.

Cohort selection

562 unique patients had appointments scheduled at the retina 
clinic between April 1 and April 30, 2020 (Fig. 2). Of these, 

Fig. 1  Retina clinic attend-
ance frequency. Visit volume 
decreased from April 2019 to 
April 2020
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32.9% (185/562) had diagnoses of DME. 27.6% of these 
(51/185) were excluded because they did not receive an injec-
tion within 3 months of their pre-COVID baseline visits or had 
undergone ocular surgeries or steroid injections within the past 
3 months. Of the remaining 134 patients, 66.4% (89/134) were 
rescheduled and seen for follow-up at a delayed appointment 
date and 14.2% (19/134) were seen at their originally scheduled 
appointment date. 19.4% (26/134) have been lost to follow-up 
until the end of our study period and were not included in the 
final analysis. 108 patients with DME had complete clinical 
information and OCT imaging available from both baseline and 
follow-up periods and were included in the final analysis.

Study participants

Table 1 shows the baseline characteristics of the patients in the 
delayed appointment group (n = 89) and the on-schedule appoint-
ment group (n = 19). For the baseline measurements of most 
patients (78.0%), the anti-VEGF injection date, VA measure-
ment date, and OCT imaging date were the same. However, some 
patients (22.0%) had their OCT images and VA measurements per-
formed on different dates (average difference of 37.5 ± 22.6 days). 
At follow-up, most patients had their OCT imaging and VA meas-
urement performed on the same date (93.6%). The remaining 6.4% 
had these performed on different dates (average difference of 
40.4 ± 17.8 days). The delayed appointment group had an average 
follow-up interval (115.2 days) about 2.7 times longer than that of 
the on-schedule appointment group (42.3 days).

Table 1 summarizes the differences between patients who 
were rescheduled (and had a delayed appointment) and those 
who were seen on-schedule. Of the 26/134 patients who met 
inclusion criteria but were lost to follow-up, 23.1% (6/26) had 

mild NPDR, 42.3% (11/26) had moderate NPDR, 15.4% (4/26) 
had severe NPDR, and 19.2% (5/26) had PDR. 1 of the patients 
with PDR had received panretinal photocoagulation.

Comparison of visual and edema outcomes 
between the on schedule and delayed appointment 
groups

Descriptive statistics were used to compare the differences 
between the on-schedule group and delayed appointment group 
in terms of visual and edema outcomes. Figure 3a shows that 
the group of patients seen on schedule had a significantly higher 
proportion of patients with improved or stable edema compared 
to the group of patients whose appointments were delayed (94.7% 
(18/19) vs. 73.0% (65/89), p = 0.042). Figure 3b shows compari-
son of Snellen VA changes between the group of patients who 
were seen on-schedule and the group of patients whose appoint-
ments were delayed. No significant difference was found between 
the two groups when comparing proportions of patients with 
improved or stable VA (78.9%; 15/19 vs. 58.4%; 52/89, p = 0.094).

Compared to the group seen on schedule, the group with 
delayed appointments had more than twice the proportion 
of patients with either worsening vision or increased edema 
at follow-up (54%; 48/89 vs 21%; 4/19, p = 0.009) (Fig. 3c).

Characteristics associated with poor outcomes

Analysis with multiple linear regression found that baseline 
VA was significantly associated with follow-up VA (p < 0.001) 
after adjusting for weeks between visits (Table 2). A 1 unit 
increase in baseline logMAR was associated with a 0.81 unit 

Fig. 2  Diagram illustrating the 
process of selecting the study 
cohort
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increase in follow-up VA (95% CI: 0.73, 0.90). Supplemental 1 
shows that the association between baseline CFT and follow-up 
CFT depended on the number of weeks between appointments. 
Patients with longer intervals between baseline and follow-
up appointments experienced greater increases in follow-up 
CFT per unit increase in baseline CFT compared to patients 
with shorter follow-up intervals. Two factors, the interaction 
between baseline CFT and length of follow-up (p = 0.033) and 
epiretinal membrane (p < 0.001), were significantly associated 
with increased CFT after adjustment (Table 3).

Table 4 shows the results of the univariable and multivariable 
regression models measuring the effect of each variable on the 
categorization of patient outcome. Compared to the group that was 
seen on schedule, the group that had appointment delays had signif-
icantly higher odds of poor outcome at follow-up (OR = 4.03, 95% 
CI 1.14–16.92, p = 0.039) after adjusting for the number of weeks 
between visits. No other factors were significant after adjustment.

Discussion

In our study, we found that the group of patients with delayed 
appointments experienced an average delay of 2.4 months 
later than their originally scheduled visit. This delay can be 

directly attributed to rescheduling of patient appointments 
to prevent the spread of COVID-19. Other potential factors 
also include patient hesitancy, or inability due to COVID 
related illness, to attend clinic visits in-person during the 
beginning of the pandemic. 54% of patients with delayed 
visits experienced a worsening of edema or visual acuity at 
follow-up. About one-fifth of the patients seen in our clinic 
had not yet returned for follow-up at the end of the study 
period. This is concerning as untreated macular edema may 
lead to persistent visual disability over  time1. Long-term 
follow-up studies are needed to determine to what degree 
re-institution of delayed anti-VEGF treatment can restore 
vision and lead to resolution of macular edema. Addition-
ally, PDR was diagnosed in about a fifth of patients who 
were still lost to follow-up at the end of the study, highlight-
ing the importance of PRP vs monthly anti-VEGF treatments 
in these patients in situations where there is risk of loss to 
follow-up [15].

Regression analyses found several characteristics asso-
ciated with worsening visual acuity or worsening CFT at 
follow-up when these two outcomes were assessed individu-
ally. Worse baseline VA was associated with worse follow-up 
VA. In the case of CFT, presence of epiretinal membrane and 
longer interval between visits were associated with higher 

Table 1  Comparison of baseline 
characteristics between patients 
who were seen on schedule 
and those who had delayed 
appointments

Tests used to calculate p-value: aWilcoxon rank-sum test; bPearson test
LogMAR Logarithm of the minimum angle of resolution, NPDR Non-proliferative diabetic retinopathy, 
PDR Proliferative diabetic retinopathy

On-schedule (i.e. kept 
appointment in April)
n = 19

Delayed appointment
n = 89

p-value

Age in years, median  (25th,  75th percentile) 59.0 (54.0, 69.0) 66.0 (59.0, 72.0) 0.100a

Male (%) 17 (89.5) 84 (94.4) 0.430b

Central foveal thickness (CFT) in μm, 
median  (25th,  75th percentile)

341 (302, 389) 328 (289, 381) 0.453a

LogMAR, median  (25th,  75th percentile) .176 (.097, .398) .301 (.176, .477) 0.616a

Diabetic retinopathy (DR) status, No. (%)
  Non-proliferative DR 7 (36.8) 58 (65.2) 0.022b

    Mild NPDR 1 (5.3) 16 (18.0) 0.167b

    Moderate NPDR 5 (26.3) 30 (33.7) 0.532b

    Severe NPDR 1 (5.3) 12 (13.5) 0.318b

  PDR 12 (63.2) 31 (34.8) 0.022b

Ocular co-morbidities, No. (%)
  Any ocular co-morbidity 8 (42.1) 34 (38.2) 0.751b

  Glaucoma 4 (21.1) 16 (18.0) 0.754b

  Epiretinal membrane 1 (5.3) 4 (4.5) 0.885b

  Hypertensive retinopathy 3 (15.8) 3 (3.4) 0.032b

  Dry eye syndrome 1 (5.3) 11 (12.4) 0.372b

  Age related macular degeneration 1 (5.3) 3 (3.4) 0.692b

  Prior retinal vascular occlusion 1 (5.3) 3 (3.4) 0.692b

Follow-up interval in weeks, median  (25th, 
 75th percentile)

6.00 (5.00, 6.36) 15.86 (12.14, 18.14)  < 0.001a
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Fig. 3  (A) Comparison of mac-
ular edema changes between 
the on-schedule and delayed 
appointment groups. A change 
in edema of 10% or more is 
considered significant and cat-
egorized as either “Improved” 
or “Worsened.” Changes 
of < 10% is categorized as “Sta-
ble.” (B) Comparison of Snellen 
VA changes between the on-
schedule and delayed appoint-
ment groups. A gain of 1 line 
or more on Snellen VA chart is 
categorized as “Improved” and 
a loss of 1 line or more is con-
sidered “Worsened.” No change 
in lines is considered “Stable.” 
(C) Comparison of outcome 
between the on-schedule and 
delayed appointment groups. 
Poor outcome for a patient was 
defined as having worsened VA 
or worsened edema, or both at 
follow-up. Good outcome was 
defined as having neither wors-
ened VA nor worsened edema at 
follow-up
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Table 2  Univariable and 
multivariable linear regression 
models analyzing variables 
affecting follow-up VA 
(logMAR)

OS Oculus sinister AKA left eye, logMAR Logarithm of the minimum angle of resolution, DR Diabetic 
retinopathy, NPDR Non-proliferative diabetic retinopathy, PDR Proliferative diabetic retinopathy

Univariable
Coefficient 95% CI p-value

  Age 0.004 -0.003, 0.010 0.284
  Sex (Female) -0.077 -0.317, 0.163 0.527
  Eye laterality (OS) -0.009 -0.128, 0.109 0.875
  Rescheduled (Yes) 0.089 -0.066, 0.430 0.256
  Baseline logMAR 0.815 0.736, 0.894  < 0.001
  Glaucoma 0.091 -0.061, 0.242 0.238
  Epiretinal membrane 0.181 -0.098, 0.461 0.201
  Hypertensive retinopathy -0.045 -0.303, 0.213 0.732
  Dry eye syndrome 0.057 -0.131, 0.245 0.551
  Age related macular degeneration 0.130 -0.182, 0.442 0.411
  Prior retinal vascular occlusion -0.125 -0.437, 0.187 0.429
  Weeks between baseline and follow-up visit -0.006 -0.014, 0.002 0.118
  DR grade (Mild NPDR) -0.031 -0.193, 0.132 0.708
  DR grade (Moderate NPDR) -0.030 -0.156, 0.096 0.641
  DR grade (Severe NPDR) -0.165 -0.344, 0.014 0.071
  DR grade (PDR) 0.117 -0.002, 0.236 0.053

Multivariable
Coefficient 95% CI p-value

  Baseline VA 0.815 0.734, 0.895  < 0.001
  Weeks between baseline and follow-up 0.000 -0.003, 0.003 0.939

Table 3  Univariable and 
multivariable linear regression 
models analyzing variables 
affecting follow-up CFT (μm)

a Measures the interaction between the “Baseline CFT” and “Weeks between baseline and follow-up” vari-
ables
OS Oculus sinister AKA left eye, logMAR Logarithm of the minimum angle of resolution, DR Diabetic 
retinopathy, NPDR Non-proliferative diabetic retinopathy, PDR Proliferative diabetic retinopathy

Univariable
Coefficient 95% CI p-value

  Age 0.200 -2.173, 2.572 0.868
  Sex (Female) -21.533 -106.778, 63.711 0.618
  Eye laterality (OS) 8.154 -34.022, 50.330 0.702
  Rescheduled (Yes) 36.480 -18.255, 91.216 0.189
  Baseline logMAR 0.754 0.571, 0.936  < 0.001
  Glaucoma 12.332 -41.708, 66.372 0.652
  Epiretinal membrane 178.198 84.273, 272.123  < 0.001
  Hypertensive retinopathy -45.020 -136.340, 46.300 0.331
  Dry eye syndrome 38.604 -27.841, 105.049 0.252
  Age related macular degeneration -42.423 -153.384, 68.538 0.450
  Prior retinal vascular occlusion -108.106 -217.402, 1.190 0.053
  Weeks between baseline and follow-up visit -0.636 -3.380, 2.107 0.647
  DR grade (Mild NPDR) 34.610 -32.891, 82.111 0.398
  DR grade (Moderate NPDR) 20.509 -24.212, 65.229 0.365
  DR grade (Severe NPDR) -45.130 -109.117, 18.856 0.165
  DR grade (PDR) -12.428 -55.285, 30.429 0.567

Multivariable
Coefficient 95% CI p-value

  Baseline CFT 0.366 -0.008, 0.740 0.055
  Epiretinal membrane present 135.539 60.479, 210.600  < 0.001
  Weeks between baseline and follow-up -8.672 -18.058, 0.714 0.070
  Baseline CFT: Weeks between baseline and follow-upa 0.031 0.003, 0.059 0.033
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CFT at follow-up. Furthermore, CFT increased at a faster rate 
as follow-up intervals increased. In other words, this indicates 
that longer periods of time without treatment of DME could 
contribute to a more rapid accumulation of macular edema. 
However, when logistic regression was performed to identify 
factors associated with overall poor visual outcome, none of 
the prior mentioned variables were significant.

Patients with a delayed appointment had 4 times the odds 
of poor outcome (defined as either worse vision or worse CFT 
compared to baseline) when compared to those who were seen 
on schedule. This is interesting considering that those seen on 
schedule had higher disease severity as reflected by the higher 
proportion with PDR (63% of those seen on schedule vs 35% 
of those with delayed appointments).

Patients at our retina clinic were rescheduled based on 
physician judgment at the beginning of the COVID-19 
pandemic. Algorithms for patient rescheduling during the 
pandemic have since then been published [10]. Review-
ing the differences between patients who were rescheduled 
and those who were not, we found that patients who were 
rescheduled were less likely to have PDR (35% vs 63%) and 
hypertensive retinopathy (3% vs 16%). In the patient popu-
lations of other studies on COVID-19 related delays in anti-
VEGF injections, patients who were rescheduled were more 
likely to have poor baseline VA [11], be female [11], or have 
mild/moderate NPDR [10] compared to patients seen on 

schedule. One survey found that patients who self-reported 
their overall health as poor, self-reported their race as white, 
or were of older age were more likely to be lost to follow-up 
for anti-VEGF injections during the pandemic [16]. How-
ever, despite this information from our study, other studies, 
and guidelines published, it is difficult to accurately predict 
which patients are at the highest risk of vision loss. Physi-
cians need more objective data to accurately triage which 
patients need in-office evaluation and treatment and which 
patients can defer their visits. The experience during the 
pandemic with the need to limit crowding in clinics has 
made it increasingly important to develop home monitoring 
devices that can provide physicians with this information 
when triaging patients for follow-up.

Smartphone applications are available for diabetic retin-
opathy screening and monitoring without the need for 
patients to go to a retina clinic [17, 18]. These applications 
can check visual acuity and take fundus photos using just a 
smartphone, although more rigorous evaluation in prospec-
tive studies is needed. Limited data have been published 
regarding the use of teleophthalmology resources and their 
impact on clinical care decisions and outcomes during the 
COVID-19 pandemic [18, 19]. The array of resources availa-
ble for home monitoring of retinal disease is expanding. The 
ForeseeHome AMD monitoring device is FDA approved 
and allows patients with intermediate AMD to monitor 

Table 4  Univariable and 
multivariable logistic regression 
models analyzing variables 
affecting categorization of 
“poor” outcome at follow-up

OS Oculus sinister AKA left eye, logMAR Logarithm of the minimum angle of resolution, DR Diabetic 
retinopathy, NPDR Non-proliferative diabetic retinopathy, PDR Proliferative diabetic retinopathy

Univariable
OR 95% CI p-value

  Age 0.993 0.951, 10.037 0.750
  Sex (Female) 1.472 0.310, 70.791 0.624
  Eye laterality (OS) 1.063 0.497, 20.275 0.875
  Rescheduled (Yes) 4.390 1.461, 16.346 0.014
  Baseline logMAR 1.290 0.415, 40.149 0.658
  Baseline central foveal thickness (μm) 0.998 0.994, 10.002 0.430
  Glaucoma 0.856 0.316, 20.270 0.755
  Epiretinal membrane 4.583 0.651, 910.314 0.180
  Hypertensive retinopathy 1.082 0.192, 60.084 0.926
  Dry eye syndrome 0.745 0.208, 20.495 0.635
  Age related macular degeneration 0.346 0.017, 20.805 0.365
  Prior retinal vascular occlusion 0.346 0.017, 20.805 0.365
  Weeks between baseline and follow-up visit 1.042 0.991, 10.101 0.120
  DR grade (mild NPDR) 0.716 0.241, 20.026 0.532
  DR grade (Moderate NPDR) 2.032 0.902, 40.691 0.090
  DR grade (Severe NPDR) 1.296 0.402, 40.301 0.662
  DR grade (PDR) 0.560 0.253, 10.217 0.147

Multivariable
OR 95% CI p-value

  Weeks between baseline and follow-up 1.008 0.951, 1.071 0.782
  Rescheduled (Yes) 4.030 1.140, 16.920 0.039
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vision changes [20]. Home-based OCT imaging devices are 
in clinical trials for the monitoring of retinal thickness in 
patients with age-related macular degeneration [21, 22], and 
this technology is currently being developed for the moni-
toring of diabetic retinopathy as well [23]. The emergence 
of these technologies will increase the feasibility of remote 
monitoring of chronic retinal diseases while reducing patient 
obligations to travel to healthcare facilities.

A limitation of our study is that we only assessed patients 
at two timepoints in their clinical care: at a baseline “pre-
pandemic” point and at a follow-up point during the pan-
demic. We did not perform long term follow-up of the 
visual outcomes of patients with delays in treatments to 
see if their vision would recover to baseline level after re-
initiating treatments. Further studies on long term outcomes 
of patients with DME and delay of care could provide more 
information on how to make clinical triaging decisions dur-
ing situations like the COVID-19 pandemic.

Conclusion

The COVID-19 pandemic was associated with an inevi-
table delay in follow-up care and treatment for many 
patients with DME. Most patients seen at our clinic had 
their appointments delayed by several months, and this 
was associated with a worsening of macular or edema at 
follow-up compared to patients who were seen on sched-
ule. Potential factors associated with worse outcomes are 
poor eye health at baseline and longer intervals between 
anti-VEGF injections, but it is difficult to accurately pre-
dict which patients are at highest risk for disease progres-
sion without regular checkup. These findings demonstrate 
the value of implementing home monitoring devices to 
evaluate diabetic retinopathy progression with objective 
data when capacity for in person visits becomes limited.
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