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Purpose: To evaluate the impact of Covid-19 on the treatment and follow-up of glaucoma 
patients in a tertiary center.
Materials and Methods: We compared the total number of outpatient clinical visits, visual 
field exams, surgical procedures and medications released in the pre-pandemic period 
(March 2019–February 2020) and pandemic period (March 2020–February 2021). We also 
performed a paired analysis, which included patients who were examined in both periods, 
comparing the number of visits and medications.
Results: The total number of outpatients clinical visits, visual field exams, surgical procedures 
and medications released decreased 92.52% (7117 vs 532), 93.84% (1525 vs 94), 72.74% (682 vs 
145) and 19.63% (23,259 vs 18,692), respectively, when the pre-pandemic and pandemic periods 
were compared. The mean number of annual clinical visits per patient (1.8 ± 0.79 vs 1.04 ± 0.18, 
p<0.0001) and surgical procedures per patient (1.46 ± 0.92 vs 1.13 ± 0.41, p<0.0001) decreased 
significantly, whereas the mean number of medications released per patient did not change 
significantly (28.62 ± 19.11 vs 30.34 ± 20.15, p=0.97). In the paired analysis, the mean number of 
visits (n=423 patients) decreased from 1.86 ± 0.76 to 1.04 ± 0.19 (p<0.0001) and the mean 
number of medications (n=561 patients) decreased from 33.44 ± 18.61 to 31.97 ± 19.86 in the 
pre-pandemic and pandemic periods, respectively (p=0.393).
Conclusion: The Covid-19 pandemic dramatically decreased the number of outpatient visits 
and surgical procedures, impacting the follow-up of glaucoma patients in our service. We 
encourage other health care units to verify the impact of the pandemic in their own 
population to better prepare for a possible overload of uncontrolled glaucoma patients in 
the future.
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Introduction
Glaucoma is the leading cause of irreversible blindness in the world, affecting over 
76 million people in 2020 and 40 million more in the years to come.1,2 In Brazil, it is 
estimated that 3.1% of the population over the age of 40 is affected by the disease,3 

which represents over 6 million people. The diagnosis and treatment of glaucoma 
patients are both fully covered by the country’s public health system (SUS).

Since November 2019, a series of pneumonia cases with unidentified cause were 
reported in China,4 which alerted health authorities for a new emerging health issue. 

Correspondence: Gabriel Ayub  
Department of Ophthalmology, 
University of Campinas, 251 Vital Brazil 
St., Campinas, SP, 13083-888, Brazil,  
Tel/Fax +55 (19) 3521-7337  
Email gabriel.ayub@gmail.com

Clinical Ophthalmology 2021:15 4381–4387                                                                  4381
© 2021 Ayub et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Ophthalmology                                                                        Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 13 August 2021
Accepted: 19 October 2021
Published: 3 November 2021

http://orcid.org/0000-0003-2943-2803
mailto:gabriel.ayub@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


The agent was later identified as a coronavirus, named 
Covid-19.5,6 The virus spread worldwide, and the World 
Health Organization (WHO) declared it a pandemic in 
March 2020.7 Since then, the world registered almost 
240 million cases and 5 million deaths. Brazil’s first con
firmed case was registered on February 26,8 and the virus 
spread widely across all regions of the country.9 Now, 
Brazil has reported 21 million Covid-19 cases and over 
600 thousand deaths.8,10

In an attempt to reduce patient exposition to Covid-19, 
ophthalmological societies worldwide released, short after 
the declaration of pandemic by the WHO, recommenda
tions for best practices in ophthalmology.11–13 Regarding 
glaucoma, the Royal College of Ophthalmologists released 
recommendations for urgent and elective surgeries, and for 
the follow-up of patients with ocular hypertension and 
glaucoma.14

Covid-19 outbreak forced countries to focus most of 
the efforts on emergency units in order to treat the high 
number of cases in a short period of time, given the quick 
spread of the virus. This forced several other health ser
vices to suspend activities, which left a high amount of 
chronic patients without medical assistance. Some studies 
verified the impact of lockdown on ophthalmology 
assistance15 and resident training,16–18 while others inves
tigated the impact on glaucoma practice and patients’ 
assistance.19,20 However, to the best of our knowledge, 
none of these studies verified the impact of the pandemic 
on glaucoma patients followed at a large public glaucoma 
service. This would help to understand the impact on 
patients’ assistance and prepare health services to better 
perform when the pandemic is resolved.

The aim of this study was to evaluate the impact of 
Covid-19 on the treatment of glaucoma patients followed 
in a tertiary center, comparing the number of outpatient 
visits, visual field exams, surgeries and medications 
released before and during the pandemic.

Materials and Methods
This single-center retrospective cohort study was approved 
by the Ethics Committee of the University of Campinas 
(IRB #45206221.5.0000.5404) and conducted in compli
ance with the Declaration of Helsinki. Informed consensus 
was waived by the Ethics Committee due to the retro
spective design of the study.

All data were obtained from the electronic records of 
the Hospital das Clínicas da Faculdade de Ciências 
Médicas da Unicamp, which provides public tertiary 

health care as part of SUS. Our Hospital is reference for 
42 municipalities, providing health services for an esti
mated population of 3.2 million people.21 The glaucoma 
service of the Department of Ophthalmology is responsi
ble for all clinical visits and visual field exams; the ambu
latory surgical center, for all surgical procedures; and the 
Hospital’s Pharmacy, for medication release.

Data were acquired in May 2021 and divided into two 
intervals: from March 1, 2019 to February 28, 2020 (pre- 
pandemic group), and from March 1, 2020 to February 28, 
2021 (pandemic group). This division was made based on 
the first case of Covid-19 detected in Brazil, which was 
confirmed on February 26, 2020.8

For the outpatient clinical visits and visual field ana
lyses, only patients who attended the appointments were 
included. We looked for the total number of patients seen 
during each interval and the total number of visits done by 
each patient. All appointments were suspended since 
March 2020, and only emergency attendance was allowed 
during the pandemic period.

For the surgical procedure analysis, all surgeries per
formed by the glaucoma team of our institution (fellows, 
residents and staff) were included: trabeculectomies and 
tube shunts were clustered in the filtering surgery group; 
trabeculectomy or tube shunt associated with phacoemul
sification belonged to the combined surgery group, 
whereas cyclodestructive procedures, phacoemulsifica
tions, conjunctival sutures and needlings were analyzed 
individually. We calculated the total number of procedures 
performed in each period and the mean number of proce
dures done in each patient. Elective surgeries were sus
pended since March 2020, and only emergency procedures 
were allowed during the pandemic period.

We also calculated the number of medications released 
during each period (timolol maleate, brinzolamide, dorzo
lamide, brimonidine tartrate, travoprost, bimatoprost and 
latanoprost). The Hospital’s Pharmacy does not release 
fixed combinations due to their higher cost.

A paired analysis, which included only patients who 
were examined in both periods was also performed com
paring the number of clinical visits and medications 
released for each patient.

Statistical Analysis
The total number of patients, visits, surgeries and medica
tions released are presented as descriptive data. Normality 
was assessed by the Shapiro–Wilk test. The non-paired 
Student’s t-test was used to compare the continuous 
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variables between the groups. Data from patients who 
attended both periods were analyzed with the Wilcoxon 
rank sum test. A p-value <0.05 was considered statistically 
significant. All the analyses were performed with the 
Statistical Package for Social Sciences – SPSS (IBM 
Corporation, Armon NY, USA, version 22.0).

Results
A total of 7117 clinical visits (3965 patients), 1525 visual field 
exams (1410 patients), 682 glaucoma surgical procedures 
(466 patients) and 23,259 medications released (813 patients) 
were observed during the pre-pandemic period, whereas 532 
clinical visits (514 patients), 94 visual field exams (94 
patients), 145 glaucoma surgical procedures (127 patients) 
and 18,692 medications released (616 patients) were observed 
during the one-year Covid-19 outbreak period. These findings 
represent a decrease of 92.52%, 93.84%, 72.74% and 19.63% 
in the total number of clinical visits, visual field exams, 
surgical procedures and medications released, respectively. 
Surgical procedure and medication details of each group are 
presented in Tables 1 and 2, respectively.

When we compared the pre-pandemic and pandemic 
periods, the mean number of clinical visits per patient 
reduced from 1.8 ± 0.79 to 1.04 ± 0.18 (p<0.0001) and the 
mean number of surgical procedures per patient decreased 
from 1.46 ± 0.92 to 1.13 ± 0.41 (p<0.0001), but the mean 
number of medications released per patient did not change 
significantly (28.62 ± 19.11 vs 30.34 ± 20.15; p=0.97).

Among the 3965 and 514 patients who attended clin
ical visits during each period, a total of 423 attended both 
periods, which means that 91 new patients were seen in 
the pandemic period. The mean number of visits per 
patient in this group was 1.86 ± 0.76 in the pre- 
pandemic period and 1.04 ± 0.19 during the pandemic 
period (p<0.0001). Among the 813 and 616 patients who 
obtained medications in each period, a total of 561 
received medications in both periods, which means that 
55 new patients received medications at the institution, 
and 252 did not show up for medication release. The 
mean number of medications received per patient was 
33.44 ± 18.61 vs 31.97 ± 19.86 (p=0.393) in the pre- 
pandemic and pandemic periods, respectively (Table 3).

Discussion
Our study showed a significant impact of the Covid-19 
pandemic on the care of glaucoma patients followed in 
a tertiary center. Significant reductions were identified in 
the number of clinical visits, visual field exams, surgical 

procedures and medications released. To the best of our 
knowledge, this is the first study that investigated the 
impact of the Covid-19 pandemic on glaucoma care.

One year after the pandemic started in Brazil, despite 
efforts to limit the virus dissemination,22 the country failed 
to reduce its impact on the public health system,23 restrict
ing the medical assistance for chronic patients. Our find
ings indicate a 92% decrease in the number of visits during 
the pandemic period. Among the 3965 and 514 patients 
who attended clinical visits during each period, a total of 
423 attended both periods. Although we cannot guarantee 

Table 1 Surgical Procedures Performed in Each Period

Pre- 
Pandemic

Pandemic Variation

Combined surgeries 189 12 −93.65%%

Filtering surgeries 197 78 −60.0%

Cyclodestructive 

procedures

178 22 −87.64%

Phacoemulsifications 59 20 −66.1%

Needlings 54 8 −85.18%

Conjunctival sutures 4 4 -

Total number of 
procedures

681 144 −72.74%

Total number of patients 466 127 −72.74%

Notes: Combined surgery = phacoemulsification + filtering surgery, filtering sur
gery = trabeculectomy or tube shunt.

Table 2 Medications Released in Each Period

Pre- 
Pandemic

Pandemic Variation

Timolol maleate 5080 2655 −47.73%

Brinzolamide 4829 3734 −22.67%

Dorzolamide 2818 2850 +1.13%

Brimonidine 6467 5258 −18.69%

Travoprost 2985 3205 +7.37%

Bimatoprost 737 669 −9.22%

Latanoprost 343 321 −6.41%

Total number of 

medications

23,259 18,692 −19.63%

Total number of patients 813 616 −24.23%
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that the remaining 3542 lost follow-up, we estimate that 
a large majority had a visit scheduled during the pandemic 
period and did not attend. Even patients attending both 
periods showed a substantial decrease in the mean number 
of visits per year, from 1.86 ± 0.76 to 1.04 ± 0.19, which 
represents a 44% reduction. Interestingly, the Brazilian 
Council of Medicine recently estimated a 34% reduction 
in the number of appointments for retina and glaucoma 
between March and December 2020.24 Although we have 
not measured the real consequences of this reduction in 
glaucoma control, it is likely that the inadequate follow-up 
during this period has favored the occurrence of glaucoma 
progression, particularly in advanced glaucoma patients, 
who are more sensitive to undetected IOP variations. 
A previous study from our service25 reported that most 
of the patients on their first appointment at the glaucoma 
sector presented with advanced glaucomatous damage: 
51.8% of them had unilateral visual loss and 33.3% had 
bilateral visual loss. Comparable findings were also 
reported by another Brazilian institution, where 42.03% 
of the patients already had unilateral visual loss by 
advanced glaucoma26 in their first appointment.

A recent study in India,20 a country that shares com
parable socioeconomic issues and pandemic impact with 
Brazil, investigated patients’ medication adherence and 
loss of follow-up during the country’s lockdown. Among 
the 393 telephone-interviewed patients who had lost fol
low-up, 90.63% reported lockdown restrictions; 74.38%, 
transportation problems; 9.09%, absence of symptoms; 
and 4.13%, financial difficulties as the reason to miss an 
appointment. Regarding medication adherence, 24.52% 
had stopped using eye drops for 1.78 ± 1.34 months, and 
43.43% reported having missed the prescribed eye drops 
during the month prior to the interview. The major reasons 
cited for the non-adherence were non-availability of the 
drops (54.81%), financial issues (30.29%), no improve
ment with eye drops (20.19%), other illness (17.79%), 
unawareness of the importance of regular use (14.42%) 
and unavailability of the caretaker (10.10%).

Although telephone interviews have been employed to 
verify adherence, they are frequently susceptible to 

patients’ overestimation of the treatment.27 We decided 
to verify medication adherence based on medication 
release25 by the Hospital’s Pharmacy, which provides eye 
drops for a 3-month period with the same prescription. We 
have previously reported that 89.4% of our patients obtain 
their glaucoma medication at the Hospital’s Pharmacy.28 

A 24% reduction in the number of patients seeking the 
Hospital’s Pharmacy to obtain medication can be 
explained by the loss of follow-up, or by difficulty in 
obtaining transportation, or due to a negative outcome 
during the pandemic. The first two reasons are associated 
with uncontrolled intraocular pressure (IOP) and possible 
glaucoma progression.29 In 2020, due to social distancing 
and lockdown measures to prevent the virus spread, the 
Brazilian gross domestic product retracted 4.1%,30 which 
is associated with a significant decrease in family income 
and increased dependence on social assistance and public 
services. In fact, 81% of patients were already dependent 
of SUS in our region even before the pandemic.31 Previous 
studies indicated that costs of glaucoma treatment with 
drops compromise 15.5% to 43% of the family income 
in Brazil.26,29–31 Hence, it is unlikely that patients who did 
not obtain their medication at our Hospital’s Pharmacy 
could afford glaucoma medication on their own.

The number of glaucoma surgeries significantly decreased 
in our service. This can be explained by the fact that our 
Hospital suspended all elective surgeries in order to focus 
human and economic resources in the care of Covid-19 
patients.23 Also, as recommended by different ophthalmology 
societies,12,14 we postponed non-urgent surgical interventions. 
A report from 39 academic ophthalmology centers in Italy,15 

another country severely impacted by the pandemic, compared 
surgical interventions of the 2-month lockdown period 
(March 10 to May 9, 2020) to pre-lockdown months 
(January 10 to March 9, 2020) and corresponding 2 months 
of 2019 (March 10 to May 9, 2019). Overall, the number of 
surgeries decreased 68.8% and 69.9%, respectively, with 
a reduction of 96.2% and 96.4% in the number of elective 
surgeries and 50.7% and 53.9% in the number of urgent 
surgeries. They also reported a decrease of 64.9% and 73.0% 
in the number of trabeculectomies, 40.5% and 58.9% in 

Table 3 Paired Analysis of Patients Who Attended Both Periods (423 for Clinical Visits and 561 for Medication Release)

Pre-Pandemic Period Pandemic Period P-value

Outpatient clinical visits 1.86 ± 0.76 1.04 ± 0.19 <0.0001
Number of medications released 33.44 ± 18.61 31.97 ± 19.86 0.393

Notes: Wilcoxon rank sum test was used to compare the variables. Statistically significant value is in bold.
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drainage implants, and 82.6% and 85.3% in cyclodestructive 
procedures when the 2-month lockdown period was compared 
to pre-lockdown months and corresponding 2 months of 2019, 
respectively. Furthermore, two reports from Poland investigat
ing elective cataract surgeries32 and rhegmatogenous retinal 
detachment33 found a decrease in the number of referrals and 
procedures. Considering the mean number of elective cataract 
performed between 2016 and 2019 as baseline, the number of 
procedures decreased 77.5%, 51.5% and 29.7% during the first 
(March/2020-May/2020), second (October/2020-December 
/2020) and third (March/2020-April/2020) Covid-19 waves 
in the country, respectively, with an average decrease of 
53.4% during the pandemic.32 Similar findings were reported 
for retinal surgery referrals, with reductions of 48.4%, 18.5% 
and 26.5% during the first, second and third waves, respec
tively, with an average decrease of 16.5% during the 
pandemic.33 These findings are comparable with those 
reported herein: a 60% decrease in the number of filtering 
procedures, 93.65% in combined procedures and 87.44% in 
cyclodestructive procedures, with an overall decrease of 
72.74% in glaucoma surgeries.

Interestingly, the choices for glaucoma procedures have 
apparently been affected by the pandemic. In a study that 
involved 70 glaucoma specialists at the United Kingdom,19 

87% indicated trabeculectomy as their preferred procedure and 
47% sub-Tenon’s block without sedation as their preferred 
anesthesia in the pre-Covid period. In contrast, in the post- 
Covid period, 61% reported changes in their surgical practice: 
43% indicated a reduction in the number of trabeculectomies, 
which was substituted by micropulse cyclophotocoagulation 
(14%), drainage devices (12%), Preserflo, deep sclerectomy 
and continuous cyclophotocoagulation (7% each); 72% 
reported no change in the preferred anesthesia, while 22% 
elected local anesthesia without sedation. The main reasons 
for these changes included less need for postoperative follow- 
up (90%) and postoperative interventions (62%), shorter sur
gical time (48%) and improved safety (35%).

There are some limitations in our study. Data obtained in 
the Hospital’s system did not include patients’ demographics, 
which prevented us from analyzing the influence of age, gen
der, residence location and previous diagnosis on our findings. 
However, a previous study reported that 54.8% of the patients 
followed at our service were male, with a mean age of 60.92 
±17.49 years. The most frequent diagnosis were primary open- 
angle glaucoma (56.2%), primary angle-closure glaucoma 
(20.4%), glaucoma suspects (12.8%), congenital and juvenile 
glaucoma (6.6%), normal tension glaucoma (3.0%) and ocular 
hypertension (0.6%).34 Also, although we hypothesize that the 

decrease in the number of visits and surgeries is likely to be 
associated with glaucoma progression, we were not able to 
directly address this issue in the present study. Furthermore, the 
method we used to measure adherence was indirect, using the 
number of medications released to patients. The employment 
of a direct method, through a questionnaire for example, would 
complement the information about compliance and the reasons 
for not attending a visit. Finally, we did not have data on non- 
emergency and emergency patient visits, which would help us 
clarify the types of patients not seen during the pandemic.

Conclusions
The Covid-19 pandemic dramatically decreased the number 
of outpatient visits and surgical procedures, impacting the 
follow-up of glaucoma patients in our service. We encourage 
other health care units to verify the impact of the pandemic 
in their own population to better prepare for a possible over
load of uncontrolled glaucoma patients in the future.
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