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implants (− 4.9%), and an increase of non-penetrating 
surgery (+ 2.6%), cyclo-photo ablative procedures 
(+ 4.2%) and MIGS (+ 5.7%). Only 24.3% of the 
procedures were performed under general anesthe-
sia compared to 41.5% in the pre-pandemic period 
(p < 0.001). The number of procedures performed on 
eyes affected by advanced or end-stage glaucoma is 
doubled (p < 0.001).
Conclusions  To give continuity to glaucoma sur-
gery, we prioritized interventions on patients with 
poorer visual fields, rapidly progressing visual field 
deficit and elevated IOP uncontrolled by maximal 
medical therapy. Secondly, we have rescheduled the 
other interventions following the same priority cri-
teria. Finally, we managed some lower priority cases 
with MIGS, minimizing the need for close post-inter-
vention follow-up. Considering the negative conse-
quences that a delay in the management of glaucoma 
can have in terms of visual loss, the closure of the 
operating rooms in the first quarter of the pandemic 
was detrimental. It appears that glaucoma surgery 
deserves urgencies that cannot be overshadowed and 
the greatest effort must be to give continuity to this 
type of eye surgery.
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Abstract 
Purpose  To summarize the actions taken to give 
continuity to the surgical treatment of glaucoma 
patients and to present the volume and characteristics 
of glaucoma surgery in the first year of pandemic at 
the Tertiary Glaucoma Center of the University Hos-
pital of Verona (Veneto, Italy).
Methods  Demographical and surgical features of 
patients who underwent glaucoma surgery from 
March 9th, 2020 to March 8th, 2021 have been col-
lected and compared to the same date range of the 
previous year. The analyzed data included age, gen-
der, region of origin, glaucoma staging, type of anes-
thesia and surgical procedure.
Results  The surgical volume of glaucoma has 
dropped by 30.1%. In comparison with the previous 
year, we found a significant variation in the over-
all distribution of the performed surgical procedures 
(p < 0.001). There was a decline in Baerveldt tube 
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Introduction

The COVID-19 pandemic has caused an unprec-
edented overload of the National Health System in 
Italy. The spread of the contagion can be divided 
into three consecutive periods: the “first wave”, from 
March 9th 2020, began in the North of the country 
and was characterized by an exponential increase in 
the number of hospitalizations and deaths [1]. From 
June to August 2020, during what we identify as the 
“transition phase”, the diffusion was very limited. 
Since the end of August, several outbreaks had been 
identified throughout the country, resulting in a slow 
rise of daily infections. By October, the spread of the 
virus had already exceeded the levels reached in the 
spring, and the peak of the so-called second wave was 
in November. Thanks to the containment measures, 
weighed on the different regional scenarios, the infec-
tion was limited, without ever returning to the levels 
reached in the summer [2].

To face the high rate of admissions due to COVID-
19, especially during the “first wave”, one of the 
measures adopted by the National Health System 
was to suspend elective surgical activities in favor 
of emergencies [3]. Therefore, many hospitals were 
intended exclusively for the management of COVID-
19 patients, thus determining the withdrawal and 
rescheduling of elective surgical procedures [4]. 
These measures particularly interested the ophthalmic 
field, whose staff was at high risk of contracting the 
infection due to the close distance between clinician 
and patient during examination [5–7].

This study aims to summarize the actions taken to 
give continuity to the surgical treatment of glaucoma 
patients and to present the volume and characteristics 
of glaucoma surgery in the first year of the pandemic 
at the Tertiary Glaucoma Center of the University 
Hospital of Verona (Veneto, Italy). In March 2021, 
one year after the beginning of the pandemic, the 
Veneto region resulted among those most affected by 
the virus and 19% of confirmed regional cases were 
detected in Verona [8]. For these reasons, our geo-
graphical area can be representative of the COVID-
19 emergency in Italy, and our eye center has been 
severely interested in the health crisis.

Methods

This retrospective study was conducted at the Oph-
thalmology Clinic of the University Hospital of 
Verona, Italy. Demographical and surgical features 
of patients who underwent glaucoma surgery from 
March 9th, 2020 to March 8th, 2021 have been col-
lected and compared to the same date range of the 
previous three years (2017, 2018 and 2019). Since 
the samples gathered in 2017, 2018 and 2019 did 
not differ significantly from each other for any of 
the collected variables (see supplementary mate-
rial), only data relating to 2019 were considered for 
the statistical analysis.

The analyzed data included age, gender, region 
of origin, glaucoma staging based on the Glaucoma 
Staging System 2 [9], type of anesthesia and surgi-
cal procedure. Our study was approved by the Eth-
ics Committee of Verona and Rovigo. All data were 
collected anonymously and according to the tenets 
of the Declaration of Helsinki. The informed con-
sent for any surgical treatment and data processing 
was given by patients or by parents/authorized legal 
guardians for minors at the admission to the eye 
clinic.

Patients were phone-called one week before sur-
gery and screened for COVID-19-related symptoms 
and risky contacts. As customary, in preparation for 
the surgical procedure, patients underwent routine 
blood tests and electrocardiograms. In addition, chest 
X-rays were performed for surgeries that required 
general anesthesia. A nose-pharyngeal swab for Sars-
CoV-2 was executed 48  h before the surgery. If the 
nose-pharyngeal swab tested positive, the surgery 
had to be postponed until the negativization, unless 
the patient was at risk of irreversible and rapid vision 
loss. Interventions of infected patients were planned 
at the end of the operating list, with the operating 
room being be sanitized at the end of the procedure.

On the day of surgery, the body temperature of 
patients was assessed with a non-contact digital ther-
mometer both when admitted to hospital and in the 
anteroom of the operating room. A maximum of one 
accompanying person per patient was allowed and 
patients were welcomed every 45  min to minimize 
crowds in the waiting rooms. Each patient sanitized 
hands upon entering the hospital and in the waiting 
room. At the operating room filters, patients sanitized 
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their hands again, wore a surgical mask, hair cap, 
overshoes and disposable gown.

With exception of the dates from June 9th to Sep-
tember 8th 2020, we have experienced half the num-
ber of available operating rooms and the reduction in 
the nursing and anesthesia staff, who were recruited 
in COVID-19 areas.

Since the beginning of the pandemic, traveling 
between different geographical areas due to health 
reasons had always been allowed.

Descriptive results were reported as percentage for 
categorical variables and as mean ± Standard Devia-
tion (SD) for quantitative ones. Chi-Square test and 
T test for independent means were used, respectively, 
to compare categorical and quantitative variables 
between the two periods. The analysis was done using 
STATA 16.0 (StataCorp, Texas, USA). Statistical sig-
nificance was considered when p < 0.01.

Results

Between March 9th, 2020 and March 8th, 2021, 
490 surgeries were performed on 389 glaucomatous 
patients, compared with 701 surgeries on 494 patients 
carried out during the previous year. Therefore, the 
surgical volume of glaucoma has dropped by 30.1% 
and represented the 10.0 and the 8.4% of the total 
surgical ophthalmic activity during the pre-COVID 
period and COVID period, respectively.

Table  1 shows the patient’s demographics and 
surgical procedures carried out during the pandemic 
period and the corresponding time interval in the pre-
vious year.

Patients’ geographic provenience did not differ 
from those of the pre-pandemic period (Table 2 -sup-
plementary material).

Figure  1 shows the variation in the number of 
surgical procedures performed during the pandemic 
compared with those of the previous year. Dividing 
the pandemic period into quarters and comparing 

Table 1   Demographics of patients and glaucoma surgical procedures performed during the first year of the COVID-19 pandemic

*Scleral patch, iridoplastics, iridectomy, other interventions on the anterior chamber
MIGS: Minimally invasive glaucoma surgery; PEX: Pseudoexfoliation syndrome

Before pandemic (9th 
March 2019–8th March 
2020)

During pandemic (9th 
March 2020–8th March 
2021)

Variation (%) p

Demographics
Surgical procedures, n 701 490 − 30.1 0.003
Patients, n 494 389 − 21.3 0.813
Males, n (%) 258 (52.2) 208 (53.5)  + 1.3 0.713
Age, mean (SD) 58.4 (23.4) 60.5 (21.4) – 0.161
Advanced or End-Stage Glaucoma, n (%) 20 (4.1) 37 (9.4)  + 5.3  < 0.001
Pediatric glaucoma, n (%) 69 (14.0) 28 (7.3)  + 6.7  < 0.001
General anesthesia, n (%) 227 (32.4) 95 (19.4) − 13.0  < 0.001
Procedures, n (%)  < 0.001
Examination under anesthesia 93 (13.3) 36 (7.3) − 6.0 0.001
Trabeculotomy 6 (0.9) 10 (2.0)  + 1.1 0.080
Trabeculectomy 119 (17.0) 63 (12.9) − 4.1 0.041
Deep sclerectomy 66 (9.4) 59 (12.0)  + 2.6 0.124
MIGS 22 (3.1) 43 (8.8)  + 5.7  < 0.001
Baerveldt tube shunt 87 (12.4) 37 (7.6) − 4.8 0.007
Baerveldt revision 90 (12.8) 44 (9.0) − 3.8 0.038
Bleb revision 47 (6.7) 42 (8.6) − 1.9 0.228
Transcleral cyclophotocoagulation 35 (5.0) 45 (9.2)  + 4.2 0.004
Phaco for narrow-angle or PEX syndrome 121 (17.3) 104 (21.2) − 3.9 0.086
Others* 15 (2.1) 7 (1.4) − 0.7 0.370
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them with the corresponding date intervals in the 
previous year, we found that the greatest reduc-
tion in surgical activity, which reached − 60.7%, 
occurred during the first three months (March 
9th–June 8th 2020). The second quarter (June 
9th–September 8th 2020) was characterized by an 
increase of + 7.14%. A drop of − 24.9 and − 31.3% 
occurred, respectively, in the third quarter (Septem-
ber 9th–December 8th 2020) and in the fourth one 
(December 9th 2020–March 8th 2021).

During the pandemic, the number of procedures 
performed on eyes affected by advanced or end-
stage glaucoma is doubled (p < 0.001). In addi-
tion, there was a halving of the infantile glaucomas 
(p < 0.001). In comparison with the previous year, 
we found a significant variation in the overall dis-
tribution of the performed surgical procedures 
(p < 0.001). There was a decline in the implantation 
of Baerveldt tubes (− 4.9%) and an increase in non-
penetrating surgery (+ 2.6%), cyclo-photo ablative 
procedures (+ 4.2%) and MIGS (Minimally Invasive 
Glaucoma Surgery) (+ 5.7%).

Only 24.3% of the procedures were performed 
under general anesthesia compared to 41.5% in the 
pre-pandemic period (p < 0.001).

The rate of hospitalizations following glaucoma 
surgery during the pandemic was 19.5% (76 out of 

389 patients), compared to 38.5% (190 out of 494 
patients) in the pre-pandemic period.

Glaucoma surgeons and operating room staff 
periodically underwent both nose-pharyngeal swab 
or serology test and none of them resulted positive 
to COVID-19. Only one surgical candidate tested 
positive for preoperative swab and his surgery was 
postponed until negativization, being not at risk of 
rapid vision loss.

Discussion

The aim of this study was to explain the measures 
adopted during the first year of the COVID-19 pan-
demic to give continuity to the glaucoma surgical 
care at the Ophthalmic Unit of the Tertiary Univer-
sity Hospital of Verona (Veneto, Italy) and to sum-
marize the surgical activity performed despite the 
health emergency.

Overall, during the first year of the pandemic, the 
volume of glaucoma surgery has dropped by 30.1%. 
The number of interventions performed in the four 
considered quarters was heavily influenced by hos-
pitalizations and deaths caused by COVID-19 infec-
tion in Italy, as shown in Fig. 2.

The decrease in surgical activity observed in the 
first quarter, which temporally coincides with the 

Fig. 1   Number of glau-
coma surgeries during 
and before the COVID-19 
pandemic
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national lockdown, was very serious. To the sudden 
interruption of elective surgeries imposed by Gov-
ernment directives, we have reacted in three differ-
ent ways.

First, we prioritized interventions on patients 
with poorer visual fields, rapidly progressing visual 
field deficit, and elevated IOP uncontrolled by max-
imal medical therapy. Therefore, the surgical assis-
tance continued, giving priority to those subjects at 
risk of faster glaucoma progression.

Secondly, we have rescheduled the other interven-
tions following the same priority criteria.

The last action taken was to manage some lower 
priority cases with MIGS, minimizing the need for 
close post-intervention follow-up. These devices 
require less postoperative care and allow a tempo-
rary pressure reduction without excluding a possible 
future filtering intervention [5].

Due to the shortage of anesthesia staff, the most 
frequently postponed procedures have been the Bae-
rveldt tube implants and diagnostic examinations 
under anesthesia. Procedures on children were mostly 
postponed as they require sedation or general anes-
thesia in most cases. As a consequence, trabeculec-
tomies, deep sclerectomies and cyclo-photoablations, 
which required local anesthesia, have increased. 
Moreover, Baerveldt tube implants are more associ-
ated to postoperative complications than other surger-
ies and patients are usually hospitalized for one or a 
few days after surgery. Conversely, non-penetrating 

surgery requires fewer surgical revisions and is less 
associated with complications [10–12].

Compared to 41.5% of the pre-pandemic period, 
only 24.3% of the procedures were performed under 
general anesthesia, which therefore required the 
presence of the anesthetist in the operating room 
and subsequent hospitalization for one night. After 
reducing the need of anesthesist’ interventions by 
half, the positive consequences have been: (1) more 
availability of anesthesists to manage patients hos-
pitalized in COVID-19 areas; (2) reduced need for 
admission of ophthalmic patients, in favor of one-
day surgeries.

The increase in surgical activity that took place in 
the second quarter of the pandemic was significant, 
exceeding the number of operations carried out dur-
ing the same date range of the previous year. This 
finding, which temporally coincided with the reduc-
tion in COVID-19 hospitalizations in Italy, was due 
to the restoration of the ordinary availability of oper-
ating theatres, nurses, anesthesia staff, and beds for 
patients undergoing ophthalmic surgery.

Despite this recovery, the decline suffered in the 
first quarter was never fully overcome during the 
year and some rescheduled patients underwent sur-
gery late. This delay can partially be the cause of the 
doubling of cases of advanced and end-stage glau-
coma recorded during the pandemic period. Another 
factor that may have influenced the increase in the 
number of advanced glaucoma was the closure of 

Fig. 2   Number of 
monthly glaucoma surgi-
cal procedures in relation 
to hospitalizations for 
COVID-19 during the 
first year of COVID-19 
Pandemic
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other glaucoma centers, which have been converted 
into COVID hospitals, so the most serious cases have 
reached our third level clinic.

Consistent with this finding, an increase in cyclo-
photo ablative procedures occurred.

Even during the pandemic, patients who under-
went glaucoma surgery continued to be checked 
regularly for 3 months by our medical staff. None of 
them showed symptoms of the COVID-19 infection 
or reported risky contacts. However, the nose-phar-
yngeal swab was no longer repeated after surgery, so 
asymptomatic infections can’t be excluded.

Our data are different from those reported by 
another third level Italian center [13], which reported 
a slight increase in the number of glaucoma surger-
ies performed during the first month of the pandemic. 
According to this  center,  the rise was consequent to 
the closure of smaller and suburban hospitals in their 
region. In the Veneto region, on the other hand, con-
tinued assistance was guaranteed by the ophthalmol-
ogy centers.

The main weakness of this research is its retro-
spective and monocentric design, conversely the geo-
graphical position of our center, intensely affected by 
the health emergency makes it particularly represent-
ative in the national scenario. Furthermore, our clinic 
is a highly specialized third-level reference center for 
glaucoma, and this allowed us to treat a considerable 
number of patients.

Conclusion

The goal of this work was to understand the impact of 
the measures adopted in the management of patients 
requiring glaucoma surgery in the first year of the 
pandemic in a third-level Italian center highly spe-
cialized in glaucoma.

A year later, it can be assumed that the undertaken 
measures have allowed to carry out 70% of the sur-
geries performed in the pre-pandemic period, even 
with reduced resources. The suspension of elective 
procedures, such as cataracts, has contributed to con-
centrate on emergency or high-priority surgeries, like 
glaucoma.

We suppose that the slowdowns in monitoring 
and treatment that occurred at the beginning of the 
pandemic partially led to the increase in cases of 

advanced and end-stage glaucoma and cyclo-photo 
ablative procedures. The closure of the operating 
rooms in the first quarter of the pandemic might have 
contributed to the worsening of the clinical conditions 
of some of the patients. The delay in the management 
of these patients could have determined irreversible 
functional visual damages.

From December 27th, 2020, as soon as the 
COVID-19 vaccination campaign started, for health 
professionals, the resources allocated to glaucoma 
surgery are slowly starting to be restored.

Glaucoma surgery deserves urgencies that can-
not be overshadowed [14]. Considering the negative 
consequences that a delay in the management of glau-
coma can have in terms of visual loss [15], we confide 
that our experience can be of some help in the organi-
zation of surgical assistance for other eye centers.
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