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Objective: To investigate the effects of the COVID-19 pandemic on case volumes and wait-times for ophthalmic surgery in Ontario,
Canada.

Design: Population-based retrospective cohort study.

Participants: Patients undergoing ophthalmic surgery in Ontario, Canada, from 2010 to 2021, collected from the Ontario Health Wait
Times Information System (WTIS) database.

Methods: The WTIS contains non-emergent surgical case volume and wait-time data for six ophthalmic subspecialty surgery types,
three priority levels (low, medium, high) and 14 different regions in Ontario. Case volume and wait-times were compared between the
COVID-19 pandemic (2020-2021) and the preceding time period (2010-2019) across all stratifications.

Results: There was a significant decrease in case volumes and significant increase in wait-times across geographic regions, priority
levels, and subspecialty surgeries from the pre-pandemic to pandemic period. Moreover, COVID-19 exacerbated pre-existing wait-
time disparities between sexes, with females waiting 4.1 days longer than males overall to receive surgery in 2010-2019 compared to
waiting 8.8 days longer in 2020-2021 (117% increase).

Conclusion: These findings highlight the impact of the COVID-19 pandemic on ophthalmic surgical wait times in Ontario. Cataract,
strabismus and oculoplastic surgeries, the Waterloo Wellington, Central, and South East regions of Ontario, and those with female sex
had the greatest relative increases in wait-times during the pandemic.

Keywords: ophthalmology, surgery, wait time

Introduction
The COVID-19 pandemic has had a significant impact on the delivery of healthcare around the world," including
accessibility to ophthalmic surgery.” ® In Ontario, Canada, wait-times for ophthalmic surgery have been an
ongoing concern, with increasing delays in surgery being linked to reduced patient satisfaction and poor
outcomes.” ' While various strategies have been employed to try to reduce wait-times and improve access to
care, the COVID-19 pandemic has presented additional challenges and may have had a substantial impact on wait-
times for ophthalmic surgery. Moreover, it exposed and exacerbated health disparities that resulted in poorer
outcomes for certain patient populations.'’

This study aims to investigate the effects of the COVID-19 pandemic on wait-times and case volumes for patients
receiving ophthalmic surgery in Ontario, Canada. Understanding the impact of the pandemic on ophthalmic surgery in
Ontario will provide valuable insights into the challenges faced by the healthcare system and may inform future strategies

to improve access to care.
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Methods

This retrospective cohort study used data from the Ontario Health Wait Times Information System (WTIS) database from
2010 to 2021."*7' Tt followed the Reporting of Studies Conducted using Observational Routinely-collected Data
(RECORD) guidelines and was approved by the University of Toronto Research Ethics Board (RIS protocol number:
41582)."°

Data Source
This study used the WTIS database, which was implemented in 2008."*'®'” The WTIS collects and stores data on wait
times for non-emergency surgeries performed under the Ontario Health Insurance Plan (OHIP) publicly funded health
services for eligible residents.'® For triaging and resource allocation purposes when using the WTIS, surgeons assign
each case a priority level according to WTIS guidelines, ranging from level 1 emergent cases (not included in the WTIS
database) to high priority (level 2, severe symptoms, which are likely worsening), medium priority (level 3, some pain or
other symptoms, which do not dramatically impact quality of life), and low priority (level 4, the patient’s condition may
be worsening and medical management may be failing to help)."®

According to the WTIS, wait time is defined as the number of days between the decision to operate and the time of
surgery. Wait-list queues with only 1-5 cases per month are coded as “low volume” by the WTIS and were excluded
from this study. The WTIS database captures annual wait-time data for the following types of non-emergency ophthalmic
surgery: cataract, cornea, glaucoma, oculoplastic, vitreoretinal, and adult strabismus surgery. This data is further divided
into 14 geographical regions called Local Health Integration Networks (LHINs), which comprise the subdivision of
Ontario healthcare delivery. In April 2021, they were grouped into five regions, however, the results presented in this
study use the previously defined 14 LHINs. The original LHINs covered the following areas: Erie St. Clair, South West,
Waterloo Wellington, Hamilton Niagara Haldimand Brant, Central West, Mississauga Halton, Toronto Central, Central,
Central East, South East, Champlain, North Simcoe Muskoka, North East, and North West.

Study Objectives

We aimed to compare patient volumes and wait-times for different types of ophthalmic surgeries stratified by region and
priority between pre-pandemic (2010-2019) and pandemic (2020-2021) time periods. We also investigated whether the
COVID-19 pandemic affected patient demographics across different strata, with particular focus on sex-based differences
in wait-times.

Statistical Analysis

Cohort characteristics were stratified by ophthalmic surgery type, priority level, geographic region, and sex, and were
reported descriptively. We compared the differences in surgical volume and wait-time between the pandemic (2020-
2021) and an average of all previous years (2010-2019). An independent-samples #-test was used to analyze the
aggregate data for continuous outcomes (mean with SD and sample number volumes) for the two groups. All analyses
were conducted using R version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria). To reduce the
probability of Type I errors, a conservative value of P<0.001 was chosen a priori to denote statistical significance.

Results

In Ontario, Canada, from 2010 to 2021, there was an average 1.49 adults per 100,000 scheduled for non-emergency
ophthalmic surgery per year. The mean wait time for all surgery types and priority levels over this period was 82 days
(SD 85). The mean age of these patients was 71 years (SD 11), and 44% of all patients were male. Both age and
proportion of males remained consistent at 71 years and 44%, respectively, across all years from 2010 to 2021.

Surgical Volume
There was a significant reduction in surgical volume in 2020 and 2021 due to COVID-19. From 2010 to 2019, there was
an average annual 153,388 adults (SD 5094) that underwent ophthalmic surgery compared to an average annual 129,090
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Table | Overall Volume of Ophthalmic Surgery in Ontario Stratified by Priority

Level
Priority Volume - Mean (SD) - % of All Adults on the Wait List
Pre-Pandemic (2010-2019) Pandemic (2020-2021)
Level 2 — High 2874 (870) — 1.9 4953 (1043) - 3.8
Level 3 — Medium 16,200 (4644) — 10.6 17,177 (2727) - 13.3
Level 4 — Low 134,313 (7816) — 87.6 106,960 (18,625) — 82.9

Note: 4 test significant with p<0.001.

(SD 22,395) in 2020-2021. However, reductions in case volumes were proportionally similar between both sexes, with
males receiving 67,167 annual surgeries in 2010-2019 compared to 57,495 in 2020-2021 (14% reduction), and females
receiving 86,221 annual surgeries in 2010-2019 compared to 71,595 in 2020-2021 (17% reduction). When stratifying by
priority level, there was a significantly higher proportion of patients undergoing high and medium priority surgery during
the pandemic, while a higher proportion of low priority surgeries were performed pre-pandemic (p<0.001, Table 1).

Surgical Wait-Time

Despite the reduction in case volumes, the pandemic also increased wait-times, with an average 74.6 days (SD 76.2) in
2010-2019 compared to 116.4 days (SD 127.4) days in 2020-2021 across all surgical surgery types, geographic regions,
and priority levels (56.0% increase, p<0.001). The subspecialties that had the highest wait-time delays included cataract
(p<0.001), strabismus (p<0.001), and oculoplastic surgeries (p<0.001). Those that were less affected included vitreor-
etinal (p<0.001), glaucoma (p<0.001), and corneal surgeries (p=0.78). The overall wait-times for each surgery in 2010—
2019 compared to 2020-2021 are summarized in Figure 1.

Furthermore, the wait-time disparity between males and females significantly grew in 2020-2021 during the
pandemic (Figure 2). Overall, sex-based differences in wait-times more than doubled (117% increase), with
females waiting 4.1 days longer in 2010-2019 to waiting 8.8 days longer in 2020-2021 (p<0.001). Glaucoma
surgery (1150% increase, p<0.001), oculoplastic surgery (230% increase p<0.001), and strabismus surgery (140%
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Figure | Bar graph illustrating the difference in wait-times (days) between the pre-pandemic (2010-2019) and pandemic (2020-2021) period, stratified by the type of
subspecialty surgery.
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Number of Days Females Wait Longer Than Males

Figure 2 Bar graph illustrating the number of days females wait longer than males between the pre-pandemic (2010-2019) and pandemic (2020-2021) period, stratified by
the type of subspecialty surgery.

increase, p<0.001) had the greatest relative increases in wait-time disparities during COVID-19. Cataract (103%
increase, p<0.001) and vitreoretinal (60% increase, p<0.001) surgeries also experienced significant increases in
wait-time disparities during the pandemic. Only corneal surgery (26% decrease, p<0.001) had a reduced disparity
in wait-times between sexes in 2020-2021, although females still waited 3.9 days longer on average.

Geographic Differences

The COVID-19 pandemic disproportionally affected some regions more than others when comparing wait-times for
ophthalmic surgery (Figure 3A, Table 2). For example, Waterloo Wellington (173% increase, p<0.001), Central (136%
increase, p<0.001), and the South East (75.5% increase, p<0.001) regions had the greatest increases in wait-times from
2010-2019 to 2020-2021. Whereas regions including North Simcoe Muskoka (25.0% increase, p<0.001) and the Central
West (24.5% increase, p<0.001) demonstrated the smallest increase. All 14 Ontario LHINs each had significantly longer
wait-times during the pandemic (p<0.001). Furthermore, all of the LHINs except for North Simcoe Muskoka had
significantly decreased volume during the pandemic (p<0.001, Figure 3B, Table 3).

With regard to sex-based wait-time disparities across geographic regions, 12/14 regions in Ontario had an increasing
wait-time gap between sexes in 2020-2021 (Figure 3C, Table 4). North Simcoe Muskoka had the smallest increase at
3%, with females waiting 6.7 days longer in 2010-2019 compared to waiting 6.9 days longer in 2020-2021 (p=0.22).
Regions that were most affected by the pandemic were the Waterloo Wellington (1245% increase, p<0.001), Central
(515% increase, p<0.001), Central West (425% increase, p<0.001), Mississauga Halton (254% increase, p<0.001), and
Toronto Central (125% increase, p<0.001) LHINs. When stratifying the region with the greatest disparity, Waterloo
Wellington, by priority level, females waited 5.3 (883% increase from 0.6 days to 5.9 days, p<0.001) and 34.8 (1289%
increase from 2.7 days to 37.5 days, p<0.001) days longer for low and medium priority levels, respectively, in pandemic
compared to pre-pandemic time periods. However, for high priority level cases, females waited 4.6 days longer than
males in 2010-2019 and 2.4 days less than males in 2020-2021 (91.7% decrease, p=0.003). Only two regions in Ontario
had a reduced wait-time gap between sexes in 2020-2021: the South West (21% decrease, p<0.001) and North West (6%
decrease, p=0.003).
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Figure 3 Heatmaps showing percent change from the pre-pandemic (2010-2019) to pandemic (2020-2021) period for all adult ophthalmic surgeries in local health
integration network (LHIN) regions in Ontario. The percent change is relative to each LHIN. (A) Increase in wait-time; (B) Increase in case volumes; (C) Increase in the
amount of time females wait longer than males to receive surgery. LHIN region codes: Erie St. Clair (1), South West (2), Waterloo Wellington (3), Hamilton Niagara

Haldimand Brant (4), Central West (5), Mississauga Halton (6), Toronto Central (7), Central (8), Central East (9), South East (10), Champlain (I 1), North Simcoe Muskoka
(12), North East (13), and North West (14).
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Table 2 Overall Wait-Time of Ophthalmic Surgery in Ontario Stratified by Local Health Integration Network
(LHIN)
LHIN Wait-Time - Mean (SD) Percent Change
Pre-Pandemic (2010-2019) | Pandemic (2020-2021)

Erie St. Clair 59.8 (25.1) 88.8 (9.5) +48%
South West 73.1 (14.0) 94.0 (10.2) +29%
Waterloo Wellington 89.3 (38.0) 244.1 (33.0) +173%
Hamilton Niagara Haldimand Brant 72.5 (7.9) 96.6 (5.8) +33%
Central West 68.9 (16.2) 85.8 (17.0) +25%
Mississauga Halton 97.0 (31.2) 130.8 (16.4) +35%
Toronto Central 80.7 (15.5) 112.7 (12.9) +40%
Central 51.8 (7.7) 122.5 (21.0) +137%
Central East 59.4 (10.2) 83.6 (5.3) +41%
South East 90.5 (30.1) 158.8 (3.4) +75%
Champlain 82.7 (10.3) 122.3 (3.2) +48%
North Simcoe Muskoka 102.3 (40.7) 127.9 (2.0) +25%
North East 72.1 (10.2) 118.9 (11.8) +65%
North West 79.9 (20.1) 118.1 (15.2) +48%

Note: All regions have a significant t-test with p<0.001.

Table 3 Overall Volume of Ophthalmic Surgery in Ontario Stratified by Local Health Integration Network (LHIN)
LHIN Volume - Mean (SD) Percent Change

Pre-Pandemic (2010-2019) | Pandemic (2020-2021)

Erie St. Clair 9002 (661) 7159 (2380.8) —20%
South West 12,782 (389) 12,269 (2148) —4%
Waterloo Wellington 7233 (925) 6662 (1381) —8%
Hamilton Niagara Haldimand Brant 18,394 (1161) 17,368 (3732) —6%
Central West 5535 (640) 3726 (301) -33%
Mississauga Halton 8063 (631) 6510 (851) -19%
Toronto Central 22,071 (879) 19,392 (2660) —-12%
Central 13,861 (643) 9434 (1806) -32%
Central East 17,232 (868) 13,387 (1814) -22%
South East 7332 (325) 6744 (656) -8%
Champlain 18,121 (890) 13,900 (3145) -23%
North Simcoe Muskoka 3864 (473) 4983 (1127) +29%
North East 7251 (378) 5488 (287) —24%
North West 2648 (216) 2071 (703) -22%

Note: All regions have a significant t-test with p<0.001.
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Table 4 Overall Number of Days Females Wait Longer Than Males for Ophthalmic Surgery in Ontario
Stratified by Local Health Integration Network (LHIN)

LHIN Number of Days Females Wait Longer - n Percent Change
Pre-Pandemic (2010-2019) | Pandemic (2020-2021)

Erie St. Clair 4.5 6.8 +51%
South West 47 39 —18%
Waterloo Wellington 1.12 14.8 +1227%
Hamilton Niagara Haldimand Brant 29 37 +26%
Central West 2.0 10.5 +428%
Mississauga Halton 2.8 9.9 +249%
Toronto Central 77 17.3 +125%
Central 1.3 8.0 +502%
Central East 35 5.6 +61%
South East 4.8 8.8 +84%
Champlain 4.7 8.7 +84%
North Simcoe Muskoka* 6.7 6.9 +3%
North East 1.8 3.0 +66%
North West* 72 6.8 —6%

Note: *T-test not significant at p<0.001.

Discussion

This population-based retrospective cohort study highlights the substantial effects of the COVID-19 pandemic on case
volumes and wait-times for ophthalmic surgery in Ontario, Canada. There were fewer case volumes overall and
a significant increase in wait-times for all subspecialty surgeries, geographic regions, and priority levels. We also
found that the COVID-19 pandemic severely exacerbated pre-existing sex-based differences in surgical wait-times,
where males have significantly shorter waiting times compared to females. In certain cases, the difference between male
and female waiting times increased ten-fold from pre-pandemic to pandemic periods.

We noted a significant reduction in surgical volume during the pandemic (approximately 25,000 less patients
per year) that remained proportionally similar between males and females. However, the volume of high priority cases
nearly doubled in 2020-2021, with slightly more medium priority cases performed as well. This is likely due to the
prioritization of more urgent cases during the pandemic as healthcare systems were faced with limited resources. In
contrast, there was a higher volume of low-priority surgery prior to the pandemic, given the availability of more
resources and the ability to prioritize a wider range of cases. There was also considerable variability in case volume
reductions from pre-pandemic to pandemic between LHINs, with some regions (eg Central West) losing a third of all
cases, while others (eg South West) exhibited almost no change. Only one region, North Simcoe Muskoka, had increased
volume during the pandemic, with approximately 30% more cases compared to 2010-2019.

Even with a lower volume of surgical cases, there were significantly longer wait-times for ophthalmic surgery during
the pandemic. The reasons for this prolonged wait-time are likely multifaceted, but could include the need for additional
safety measures, the diversion of resources to address the pandemic, and the challenges faced by healthcare systems in
managing the increased demand for care. Specifically, cataract, strabismus, and oculoplastic surgeries had the largest
increase in wait-times, whereas corneal surgery wait-times were largely unaffected by the pandemic. With exception to
corneal surgery, the degree to which wait-times increased corresponded to the proportion of high-priority cases. For
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instance, glaucoma (11.4%) and vitreoretinal (18.6%) surgeries had the highest proportion of high-priority cases, while
having some of the smallest increases in wait-times during the pandemic. Likewise, cataract (1.1%), strabismus (1.0%),
and oculoplastic (2.8%) surgeries had the lowest proportions of high-priority cases. This relationship did not apply to
corneal surgery, which also had a low proportion of high-priority cases (3.5%). Instead, corneal wait-times may have
remained unchanged between 2010-2019 and 2020-2021 due to the limited supply of eye bank corneal tissue, which
could have a stronger rate-limiting mechanism than the effects of the pandemic.?’ Overall, these findings highlight the
need for more resources and strategies to mitigate the impact of future public health crises on ophthalmic surgery wait-
times and avoid extensive surgical backlogs.”

In addition to increasing overall wait-times for ophthalmic surgery, the COVID-19 pandemic also amplified the
difference in wait-times between males and females. In our dataset, this disparity more than doubled overall during
the pandemic and worsened over all priority levels of ophthalmic surgery. Moreover, this disparity significantly
grew for all but one of the ophthalmic subspecialties (corneal surgery) and 12 out of the 14 LHINs in Ontario.
Females in Toronto Central, the region with the highest population density, procedural volume, and ratio of
ophthalmologists per 100,000 in Ontario (8.87), experienced one of the greatest disparities and went from waiting
7.7 days longer than males in 2010-2019 to waiting 17.3 days longer in 2020-2021.%!
socio-political and cultural factors, including taking on the role of a caregiver and prioritizing the needs of other

A complex interplay of

family members over personal appointments, may contribute to females experiencing longer wait-times, according
to previous studies.”>*® Further research is necessary to determine the underlying contributing factors to longer
wait times for females.

Limitations and Future Directions

The WTIS data used in this study did not include patient or hospital-level covariates, such as institutional pandemic
safety measures or COVID-19 status, and thus these variables could not be included in the analysis. This includes a lack
of data on the specific ophthalmic procedures performed within each subspecialty in addition to the frequency and types
of ophthalmic disease presentations. WTIS also does not include information on the time from primary care referral to
diagnostic work-up. Additionally, the WTIS database only recorded patient sex, not gender or other self-reported
identities, and so the findings may not accurately represent the wait-time differences experienced by nonbinary
individuals or self-identifying men and women.>* There may also be some variability in how different surgeons assign
patient priority-levels in the database that could affect results. Future research should aim to fully characterize sex-based
differences in wait-times by analyzing the full spectrum of care, from symptom onset to specialist consultation to surgery
and even post-operative follow-up. This would be essential in understanding the potential role of patient and provider
characteristics in the observed trends.

Conclusion

This retrospective cohort study explored the difference in eye surgery case volumes and wait-times between the COVID-
19 pandemic (2020-2021) and the time period immediately preceding it (2010-2019). Our findings provide valuable
insights into the challenges faced by the healthcare system during the pandemic and highlight the need for ensuring
equitable access to care for all patients, regardless of sex or other characteristics.
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