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The spread of SARS-CoV-2 has led to major disrup-
tion of elective or nonurgent surgical procedures 
globally.1–4 Across 190 countries, it is estimated that 

more than 28 million surgeries were postponed in the imme-
diate months after the COVID-19 shutdowns.3 Starting 
Mar. 15, 2020, in Ontario, Canada, hospitals began reducing 
the number of scheduled surgeries and procedures, includ-
ing ophthalmic surgeries.5 Large backlogs of patients 
accrued as a consequence of the lockdown, which may lead 
to deteriorating quality of life and development of irrevers-
ible vision impairment. With the resumption of elective 
activities, patients are likely to be prioritized by clinical 
urgency, which may further lengthen delays for patients 
with progressive eye conditions that are not imminently 
vision-threatening.6,7

Predicting the long-term backlog created for ophthalmic 
surgeries as a result of the COVID-19 pandemic will provide 

guidance for health care systems to prepare for the ongoing 
pandemic and postpandemic recovery phase. Microsimulation 
modelling offers the ability to track individual patients as they 
traverse the hospital system and to run scenarios to assess the 
impact of the reductions in ophthalmic surgeries on wait 
times and consequences of delayed surgeries; this can be done 
while taking into account the interactions between prioritiza-
tion of surgeries performed based on urgency, specialty avail-
ability of resources and incidence case growth.8–10 
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Background: Jurisdictions worldwide ramped down ophthalmic surgeries to mitigate the effects of COVID-19, creating a global sur-
gical backlog. We sought to predict the long-term impact of COVID-19 on the timely delivery of non-emergent ophthalmology sub-
specialty surgical care in Ontario.

Methods: This is a microsimulation modelling study. We used provincial population-based administrative data from the Wait Time 
Information System database in Ontario for January 2019 to May 2021 and facility-level data for March 2018 to May 2021 to esti-
mate the backlog size and wait times associated with the COVID-19 pandemic. For the postpandemic recovery phase, we 
estimated the resources required to clear the backlog of patients accumulated on the wait-list during the pandemic. Outcomes were 
accrued over a time horizon of 3 years.

Results: A total of 56 923 patients were on the wait-list in the province of Ontario awaiting non-emergency ophthalmic surgery as of 
Mar. 15, 2020. The number of non-emergency surgeries performed in the province decreased by 97% in May 2020 and by 80% in 
May 2021 compared with the same months in 2019. By 2 years and 3 years since the start of the pandemic, the overall estimated 
number of patients awaiting surgery grew by 129% and 150%, respectively. The estimated mean wait time for patients for all sub-
specialty surgeries increased to 282 (standard deviation [SD] 91) days in March 2023 compared with 94 (SD 97) days in 2019. The 
provincial monthly additional resources required to clear the backlog by March 2023 was estimated to be a 34% escalation from the 
prepandemic volumes (4626 additional surgeries).

Interpretation: The estimates from this microsimulation modelling study suggest that the magnitude of the ophthalmic surgical 
backlog from the COVID-19 pandemic has important implications for the recovery phase. This model can be adapted to other juris-
dictions to assist with recovery planning for vision-saving surgeries.

Abstract

Research



Research

E1064	 CMAJ OPEN, 9(4)	

With the implementation of the provincial Wait Time 
Strategy database from Ontario Health, all wait times for 
patients are comprehensively captured for the Ontario popu-
lation of 14.7 million.11 The Wait Time Information System 
(WTIS) database provides an opportunity to study the impact 
of the COVID-19 pandemic on the wait time for various sub-
specialty surgeries including cataract, vitreoretinal, glaucoma, 
cornea, oculoplastics and strabismus surgeries.12

Herein, we present a microsimulation model informed by a 
province-wide database, which aims to project the long-term 
impact of the COVID-19 pandemic on ophthalmology sur
gical volumes, wait times and postpandemic recovery phase in 
Ontario, Canada.

Methods

Study design
We developed an individual-level, discrete-time, microsimula-
tion model. We followed Canadian Agency for Drugs and 
Technologies in Health (CADTH)13 and Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS)14 for 
conducting the study and reporting of its outcomes.

Setting, study population and outcomes
We set up the model in the setting of Ontario, Canada, to 
simulate adult patients (≥ 18 yr) waiting for ophthalmic sur-
gery at the start of the COVID-19 pandemic. The primary 
outcomes of the study were the number of patients awaiting 
non-emergency ophthalmic surgery per month and the time 
to surgery (number of days on the wait-list) based on the sub-
specialty surgery type and level of urgency. In addition, we 
estimated the escalation in resources required to clear the 
backlog during the postpandemic recovery phase.

Data sources
We used provincial administrative data from Jan. 1, 2019, to 
May 31, 2021, from the Ontario WTIS database to parameter-
ize the model. Ontario Health (formerly Cancer Care Ontario) 
is authorized to collect population-level data for the purpose of 
monitoring allocation of resources and delivery of services. The 
database captures data on patients who are on the wait-list 
queue for non-emergency surgical procedures as of the first day 
of each month, as well as the number of new cases added to the 
wait-list and number of completed surgeries performed.15 Addi-
tionally, the database captures the wait time in days (mean and 
standard deviation [SD]) for patients on the wait-list. 

All surgical cases in Ontario are standardized into priority 
levels 1 to 4 (for ophthalmic surgery, 1 being the most urgent 
and irreversible causes of vision loss) with associated maxi-
mum surgical wait time targets. These priority-level defini-
tions for wait times reflect the need to accelerate care that 
minimizes the impact of disability on patients and are 
accepted by the federal, provincial and territorial ministers of 
health (Appendix 1, Supplemental Table 1, available at www.
cmajopen.ca/content/9/4/E1063/suppl/DC1).11 Given the 
urgency of priority 1 cases, they are not added to a wait-list 
and thus not captured in the Ontario WTIS database.

We used facility-level data from Mar. 1, 2018, to Aug. 1, 
2020, and to May 31, 2021, for 4 Toronto Central Local 
Health Integration Network academic hospitals (Kensington 
Vision and Research Centre, Mount Sinai Hospital, Sunny-
brook Health Sciences Centre and Toronto Western Hospi-
tal) to capture the details on number of patients and wait 
times for emergency cases (priority 1) undergoing surgery. 
These centres consist of hospital-based and stand-alone cen-
tres that represent the variety of ophthalmic surgical centres 
across Ontario.

Lastly, we consulted guidelines from the quality-based 
procedures for subspecialty surgery from the Ministry of 
Health and the Provincial Vision Task Force,16 the literature 
and expert opinion from ophthalmology specialists to deter-
mine an order of priority based on urgency for vitreoretinal 
surgery,17 glaucoma, cornea,18 cataract surgery,16 oculoplastics 
and adult strabismus surgery. Quality-based procedures as a 
part of Ontario’s Health System Funding Reform are clin
ically related diagnoses and treatments that have been identi-
fied using an evidence-based framework as providing oppor-
tunity for process improvements, clinical redesign, improved 
patient outcomes, enhanced patient experience and potential 
health system cost savings.16 For example, urgent vitreoretinal 
surgical cases were given a higher priority than urgent oculo-
plastics cases with an acceptable wait time of less than a week 
before deterioration based on the current literature on decline 
in functional outcomes of macula sparing and involving reti-
nal detachments.19–22 A summary of the parameters used in the 
model for each of the subspecialties and urgency levels is out-
lined in Appendix 2, Supplemental Table 2, available at www.
cmajopen.ca/content/9/4/E1063/suppl/DC1.

Model structure
The time-steps of the microsimulation model were each 
1 day long. The subspecialties included in the model were 
cataract surgery (cataract and combination cataract and other 
procedures), retina surgery (vitrectomy and other vitreoret
inal surgery), glaucoma surgery (glaucoma filter or seton and 
other glaucoma surgeries), corneal surgery (corneal trans-
plant and other cornea surgery), oculoplastics and adult stra-
bismus surgery, each based on their specific characteristics. 
On initiation of simulations, individuals represent the exist-
ing wait-list as of Mar. 15, 2020, based on real data entered in 
the model. On each subsequent day, estimates of new urgent, 
and semiurgent or nonurgent cases informed by real data 
from 2019 to 2020 entered the model and were added to the 
surgical wait-list (Figure 1).

On each day, a fixed number of procedures were available, 
informed by the number of procedures completed per month 
in Ontario based on real administrative data. The surgeries 
occurred 7 days of the week to account for urgent surgeries 
after hours and on weekends. Patients with the highest 
urgency (priority 1) underwent subspecialty surgery, followed 
by semiurgent groups (priority 2 and 3) and then nonurgent 
groups (priority 4) if the necessary resources were available. 
Within each urgency level (the urgent, semiurgent and nonur-
gent classifications), the prioritization for allocation of surgery 
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was further broken down to multiple levels (1A, 1B, 2, 3, 4A 
and 4B) based on length of wait time. Patients remained on 
the wait-list until the next available resource for surgery 
became available. 

After each surgical intervention, patients were assigned a 
probability for full recovery with “no further surgical manage-
ment” required. The remaining patients in the “additional 
surgery required” category underwent prespecified 2-step sur-
gery (e.g., silicone oil removal and intraocular lens insertion 
for patients left aphakic after the initial surgery) or repeat sur-
gery for those with a suboptimal surgical outcome after the 
initial surgery (e.g., intraocular lens repositioning). 

Similar to real life, it was assumed that each person could 
have a maximum 3 surgeries, as repeating more than 3 sur-
geries for the same condition is extremely rare. Adult stra-
bismus surgery, which may be performed as bilateral surgery 
for most cases, was captured in the model. For the remain-
ing surgeries, bilateral surgery is much less common, and as 
such, the model assumed that all other surgeries performed 
were unilateral. Bilateral cataract surgery represents only 2% 
of all cataract cases in Ontario.23 Patients moved up through 
the urgency prioritization levels on the basis of time on the 
wait-list to account for deterioration of vision status with 
long delays in surgical repair.

Backlog trajectory and recovery plan
Simulations started on Mar. 15, 2020, with an end date on 
Mar. 1, 2023. Outcomes were accrued over a time horizon of 
3 years (35.5 mo). For the pandemic phase (base case), repre-
senting the backlog created as a result of the COVID-19 pan-
demic shutdowns in the province (first [March 2020] and 
third [April 2021] waves), we used the number of available 
resources for January 2019 to May 2021 from the WTIS data-
base. To reflect hospital resource availabilities for ophthalmic 
surgery, the model was set up with specific constraints (set 
number of surgeries and operating room available). The num-
ber of new patients awaiting surgery was calculated based on 
historical numbers from Jan. 1, 2019, in the WTIS database 
up to Nov. 1, 2020. After Nov. 1, 2020, the number of new 
patients added to the wait-list and the surgical resources was 
based on the disease incidence, previous annual growth of the 
wait-list and Government of Ontario population projections 
(1.3% increase in 2021 and 1.4% increase in 2022).24 Given 
that we expected that the Ontario health care system is effi-
cient and works at 100% capacity, past volumes would be an 
indication of available health care resources.

For the postpandemic recovery phase, we estimated the 
resources required to clear the backlog of patients accumulated 
on the wait-list since Mar. 15, 2020, for different time horizons.

Patient
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Figure 1: Model schematic depicting patient flow for cases requiring subspecialty ophthalmic surgery. Two entry streams for patients include 
urgent cases and surgical wait-list (consists of existing wait-list before the pandemic and daily additions following declaration of the pandemic). 
The stop node (red symbol) represents resource constraint for ophthalmic subspecialty surgery. For patients in semiurgent and nonurgent clas-
sifications, there is a deterioration and increase in urgency priority (as indicated by the dashed line) for surgery as the maximum wait time is 
reached (highest priority given to “Level 1”). This was done to account for the risk of vision impairment associated with delays in surgical repair. 
Patients move to the “Outcomes” health states after surgery only when resources become available. Those requiring additional surgical inter-
ventions will re-enter the model (as indicated by the dotted line). Note: P1–4 = priority level 1–4.
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Model validation
As the first step to model validation, we verified face validity 
of the model by consulting practising ophthalmologists in the 
relevant subspecialties. Debugging was undertaken by verify-
ing the modelling steps and structure for disease trajectories, 
checking each of the equations used to calculate parameter 
values, and reviewing the calculations to ensure accuracy of 
the inputted data. Internal validation of the model involved 
comparison of intermediate outcomes from the model to 
observed data from which parameter estimates were obtained.

Next, to confirm the validity of the model outputs, we 
compared the estimates of wait time obtained from the model 
for March to November 2019 with the historical data from 
the WTIS database for the same period. This was done to 
ensure that the model could adequately predict future wait 
times for patients awaiting surgery. A comparison of the pro-
jected wait times from the model for the months of March to 
November 2019 showed similarity in the findings between the 
model and historical data from the WTIS database (124.4, SD 
70.8 v. 122.28, SD 134.6, d). These findings support the accu-
racy of the model in projecting the backlog as a result of the 
pandemic for 2021–2023.

The model was also run for 2 years after Nov. 1, 2020, in a 
scenario analysis without pandemic shutdowns. This was done 
to determine the stability and robustness of the model esti-

mates over longer time horizons without the effect of the pan-
demic. The model projections for wait times for the period 
November 2020 to November 2022 was 121.5 (SD 102.1) 
days for all ophthalmologic surgeries. Comparing these find-
ings to real data from March to November 2019, there was no 
evidence to suggest that the model over- or underestimated 
the predicted outcomes over longer time horizons when com-
pared with prepandemic wait times.

Statistical analysis
To account for the variability and uncertainty in the inputs, we 
conducted a probabilistic sensitivity analysis (PSA) as per 
CADTH guidelines.13 The PSA was run 50 times for each 
scenario model with about 240 000 patients over each year. The 
PSA incorporates variability in the parameters at 2 levels: 
patient characteristics, and surgical parameters based on the 
probability distribution assigned to each parameter. A value is 
then randomly drawn from the distribution for each model 
simulation. This process is then repeated many times to derive 
mean estimates. Each of the 50 scenarios run by the model pro-
duces a different result, but over a large number of simulations, 
the results converge to the average result from a deterministic 
model. The robustness of the findings despite stochasticity of 
the parameters is depicted by the clustering of the various scen
arios, which suggests that variations in various parameters do 

Table 1: Monthly real-data wait-list queue, wait time, newly added cases and cases completed for ophthalmic surgery in Ontario 
from January 2019 to February 2020, by subspecialty and priority level*

Variable

No. or mean ± SD

All 
subspecialties Cataract Retina Glaucoma Cornea Oculoplastics Strabismus

Patients waiting for surgery

    All urgency levels† 58 380 54 030 1154 592 833 1247 524

    Semiurgent (P2–3)‡ 4688 3983 364 190 45 66 38

    Nonurgent (P4)§ 53 692 50 047 789 402 788 1181 486

Wait time, d, mean ± SD

    All urgency levels† 89.6 ± 95.9 93.1 ± 97.5 37.8 ± 58.9 52.0 ± 60.9 92.7 ± 93.5 73.2 ± 65.8 109.3 ± 101.3

    Semiurgent (P2–3)‡ 62.8 ± 92.8 80.6 ± 103.2 23.6 ± 46.0 30.6 ± 35.8) 37.6 ± 43.8 31.2 ± 33.6 84.6 ± 145.4

    Nonurgent (P4)§ 92.6 ± 95.8 94.1 ± 96.9 51.6 ± 64.3 67.5 ± 70.3 98.6 ± 95.8 79.9 ± 67.2 109.1 ± 88.5

Cases added per month

    All urgency levels† 14 176 12 697 671 230 179 279 115

    Semiurgent (P2–3)‡ 1657 1155 330 100 24 36 9

    Nonurgent (P4)§ 12 520 11 542 341 130 155 243 106

Cases completed per month

    All urgency levels† 13 661 12 271 631 220 170 254 109

    Semiurgent (P2–3)‡ 1390 923 312 91 17 34 9

    Nonurgent (P4)§ 12 271 11 348 319 129 153 220 100

Note: P2–4 = priority level 2–4, SD = standard deviation.

*Data source: Wait Times Information System, Ontario Health. 
†Includes semiurgent and nonurgent cases. Urgent cases are not included as they are not adequately documented through Ontario Health.
‡Moderate probability of disease progression. Low probability of disease occurrence or progression affecting morbidity or mortality.
§Minimal risk of disease progression affecting morbidity or mortality.
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not alter the overall findings of the model (Appendix 3, Supple-
mentary Figure 1, available at www.cmajopen.ca/content/9/4/
E1063/suppl/DC1).

All parameters were assigned a β distribution for values 
bounded by 0 and 1 (probabilities of outcomes), and normal 
distribution with SD for continuous variables (e.g., wait times 
in days). The outcomes for all trials were calculated as a mean 
and SD. All modelling and analyses were conducted using 
TreeAge Pro 2021 (TreeAge Software). The mean output 
from the microsimulation was visualized using the R statistical 
program (version 4.0.4).

Ethics approval
Ontario Health collects personal health information as part 
of the WTIS pursuant to its prescribed entity authority 
under section 45 of the Personal Health Information Protect 
Act, 2004. Ontario Health provided aggregate deidentified 
data from WTIS to construct the model.

Results

As of Mar. 15, 2020, a total of 56 923 patients were on the 
wait-list in the province of Ontario awaiting non-emergency 
ophthalmic surgery. On average, the monthly number of non-
emergency cases for January 2019–February 2020 added to 

the wait-list was 14 176, and a monthly average of 13 659 
patients underwent non-emergency surgery. A summary of 
the monthly wait-list queue, surgical throughputs, newly 
added cases and wait times for ophthalmic surgery in Ontario 
for January 2019–February 2020 is presented in Table 1. The 
number of non-emergency surgeries performed in the prov-
ince decreased by 45%, 98% and 97% in March, April and 
May 2020 (first wave), respectively, compared with the same 
months in 2019. The number of non-emergency surgeries 
performed in the province decreased by 48% and 80% in 
April and May 2021 (third wave), respectively, compared with 
the same months in 2019. Figure 2 shows the surgical 
throughput during the pandemic phase compared with histor-
ical data from 2019.

Model projections
The total number of patients awaiting surgery 1 year after 
the pandemic began increased by 112% (62 503 additional 
cases) in February 2021 compared with February 2020. By 
2 years, the overall estimated number of patients awaiting 
surgery grew by 129% from February 2020. More specif
ically, the estimated number of patients awaiting cataract, 
vitreoretinal, glaucoma, cornea, oculoplastics and strabis-
mus surgeries grew by 140%, 133%, 171%, 175%, 115% 
and 340%, respectively, at 2 years after the pandemic 
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Figure 2: Monthly surgical throughputs based on real data after the pandemic began (solid blue line = 2020; solid green line = 2021) compared 
with 2019 (solid grey line). The dotted line shows the model-estimated monthly increase in number of surgeries required to clear the backlog 
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began. By 3 years, the overall estimated number of patients 
awaiting surgery grew by 150% from February 2020. Pro-
vincial estimates of the backlog size by surgical subspecialty 
type over 3 years after the pandemic began are presented in 
Figure 3. Overall, the growth in the backlog as a result of 
the number of patients awaiting surgery was driven by the 
volume of nonurgent cases (Appendix 4, Supplemental 
Figure 2, available at www.cmajopen.ca/content/9/4/
E1063/suppl/DC1).

The mean wait time for patients for all subspecialty surgeries 
increased to an estimated 282 (SD 91) days in March 2023 com-
pared with 94.4 (SD 97.4) days in 2019 (Table 2). The estimated 
time to surgery for the initial patients on the wait-list at the start 
of the pandemic was 197.3 (SD 95.1) days. Of the 56 047 
patients on the wait-list for semiurgent and nonurgent surgery 
at the start of the pandemic, the results suggested that 99% had 
surgery within 12 months (Appendix 5, Supplemental Figure 3, 
available at www.cmajopen.ca/content/9/4/E1063/suppl/DC1).
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Figure 3: Monthly model-estimated accumulation of patients awaiting surgery for all ophthalmic surgeries and subspecialty types, including cat-
aract surgery (A, cataract and combination cataract and other procedures), retina surgery (B, vitrectomy and other vitreoretinal surgery), corneal 
surgery (C, corneal transplant and other cornea surgery), glaucoma surgery (D, glaucoma filter or seton and other glaucoma surgeries), oculo-
plastics (E) and adult strabismus surgery (F) from March 2020 to March 2023. The simulations were run 50 times (variations in projected esti-
mated represented by lighter blue lines) for a total of 240 000 patients. Note that the y-axis scale for cataract surgery (A) is different than that of 
the other subspecialty groups. 



Research

	 CMAJ OPEN, 9(4)	 E1069    

Regarding backlog clearance, the increase in provincial 
monthly resources required to clear all surgery types by 
March 2023 was estimated to be 34% (4626 additional surger-
ies per month, proposed recovery plan A) if starting in Sep-
tember 2021. Comparatively, recovery to the prepandemic 
wait-list by March 2022 would require an increase of 87% 
(11 838 additional surgeries per month, proposed recovery 
plan B) if starting in September 2021 (Figure 2). 

Interpretation

Our findings show that the magnitude of the ophthalmic sur-
gical backlog from the COVID-19 pandemic has important 
implications for the recovery phase.  

After Mar. 15, 2020, the pandemic shutdowns resulted 
in reduction of surgical volumes for several months and an 
associated increase in the number of patients awaiting sur-
gery. Similarly, drastic reductions by 77%–90% of the 
usual volume of surgeries performed have been noted at 
other tertiary ophthalmic surgical centres in North Amer-
ica25 and Europe.26 Despite the gradual recovery in surgical 
activity, without any substantial increases in resources to 
support the backlog of surgical cases, incoming new urgent 
cases will lead to further delays in surgeries for semiurgent 
and nonurgent cases. In addition to modelling the pro-
jected backlog as a result of the pandemic, we forecast 
potential recovery planning scenarios. Our model estimates 
ophthalmology resource use and availability based on pri-
ority level for each subspecialty surgery, while taking into 
account the increasing urgency over time owing to the 
deterioration expected with delayed access to care. The 
validity of our study is strengthened by the incorporation 
of historical data from the WTIS database and the local 
health care resources estimates of potential capacity, as well 
as the use of evidence-based guidelines on established pri-
oritization for subspecialty surgery. 

One of the important considerations in the context of 
delay to surgery is the deterioration in vision outcomes in 
patients who are awaiting surgery. For the patients on the 
wait-list at the time of the pandemic, on average, there was a 
delay of 197 days until surgery. With the increase in the num-
ber of surgical procedures performed during the postpan-
demic recovery phase, there will be a progressive plateau of 
the number of patients awaiting surgery on the wait-list; how-
ever, it is important to note that nonurgent and semiurgent 
cases exceeding the acceptable wait times for surgery may 
progressively deteriorate and become urgent. For example, 
the patients awaiting subspecialty surgery for the retina had an 
average of 48 days of wait time immediately after the pan-
demic began, with a substantial increase to 121 and 124 days 
at 2 and 3 years, respectively, after the start of the pandemic. 
These progressive increases in wait time for nonurgent and 
semiurgent cases, such as elective epiretinal membrane peel or 
macular hole repair, may lead to consequent vision loss 
or more challenging surgical repairs.27,28 Within the realm of 
other common procedures, recent studies have also reported 
an average delay of 5.34 weeks as a result of COVID-19 lock-
downs for patients requiring intravitreal injections.29 The 
reported implications of this delay were more profound vision 
loss in patients with diabetic macular edema, proliferative dia-
betic retinopathy and retinal vein occlusion.29

As shown by our study, among all subspecialty ophthal-
mology surgeries, cataract surgery represents the highest vol-
ume of cases (12 697) added to the wait list each month. Aside 
from the effects of the pandemic, there is an increasing need 
for higher volumes of cataract surgeries performed with the 
growth and aging of the population. A recent report by 
the Ontario Medical Association suggested that, on compari-
son of billings to the Ontario Health Insurance Plan in 2020 
and the same period in 2021, the estimated backlog for cata-
ract surgery was the third highest among all other procedures 
in Ontario.30 Hatch and colleagues projected a minimum 

Table 2: Wait times for patients awaiting semiurgent and nonurgent ophthalmic subspecialty surgery for November 2019 and 
November 2020

Variable

Wait time, d, mean ± SD

All subspecialties Cataract Retina Glaucoma Cornea Oculoplastics Strabismus

Real data*

    November 2019 94.4 ± 97.4 94.4 ± 99.1 37.7 ± 44.7 48.6 ± 49.8 96.4 ± 95.9 77.2 ± 70.2 102.1 ± 94.4

    November 2020 101.9 ± 137.2 126.9 ± 135.7 47.9 ± 80.6 51.8 ± 78.9 109.6 ± 114.2 111.3 ± 126.0 201.2 ± 190.7

Projected model estimates†

    November 2020  
    to March 2021

198.5 ± 81.4 177.0 ± 101.5 110.9 ± 68.3 187.8 ± 67.6 229.8 ± 78.3 186.6 ± 99.4 298.9 ± 64.8

    April 2021 to 
    March 2022

220.9 ± 116.1 225.7 ± 115.0 121.1 ± 69.4 206.4 ± 63.8 278.8 ± 79.6 232.5 ± 114.2 526.0 ± 90.8

    April 2022 to  
    March 2023

282.1 ± 91.4 244.8 ± 121.2 124.2 ± 69.3 211.2 ± 61.6 298.8 ± 81.6 250.9 ± 120.1 562.5 ± 75.6

Note: SD = standard deviation.
*Data source: Wait Times Information System, Ontario Health.
†Model-estimated projections for wait times up to 3 years after the pandemic. Scenarios were run 50 times for a total of 240 000 patients.
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increase of 128% in surgical volumes, or about 4.3 million 
additional cataract surgeries required per year for 2036 in 
North America.31 Delays in semiurgent and nonurgent pro
cedures, such as cataract surgery, not only have implications 
on quality of life,32 but also have been shown to be associated 
with increased falls in patients awaiting surgery.33 The psy-
chological and physical traumas associated with increased wait 
times have also been noted by studies on other surgical sub-
specialty care.34 With consideration of the implications of 
delay in surgery and economic benefits, authors have advo-
cated for bilateral surgeries35 and combined procedures such 
as phacovitrectomy.36

In addition to the delay to surgery while a patient is on the 
wait-list, there is an inherent delay in presentation to special-
ized surgical care.37–39 These delays are shown to be further 
exacerbated by the COVID-19 pandemic and patient hesita-
tion to seeking care in the ophthalmology setting.6,7 In the 
model in our study, the number of adult patients awaiting sur-
gical intervention for strabismus grew notably by 340% 
within 2 years. Adult strabismus surgery is rarely considered 
to be of urgent priority compared with other ophthalmic sub-
specialty surgery. Nonetheless, this patient population already 
experiences delays in presentation, with about 20 years from 
time of onset to seeking surgical intervention.40 As such, fur-
ther delays for strabismus surgery as a result of the pandemic-
induced surgical backlog may result in social, psychological 
and economic burdens for patients.41

With the rapidly evolving nature of the pandemic and its 
unpredictable impact on the health care system, it is para-
mount that decision-makers and government representa-
tives continue using models as tools for evidence generation 
in support of the policy decision-making processes.9 Previ-
ous models by our group have guided decisions regarding 
the estimation of pandemic-induced depletion of hospital 
resources,10 as well as policies for transmission risk in 
schools versus community-based settings.42 Other models 
on elective vascular surgical delays caused by COVID-19 
have estimated an 8-month recovery period to achieve a 
steady state in the number of patients awaiting surgery.43 
Additionally, we have estimated incremental growth in the 
wait-list for all cardiac procedures during the COVID-19 
pandemic and the implications for the provision of cardio-
vascular care.44 Wang and colleagues estimated an addi-
tional 719 hours of weekly operating room time to clear the 
backlog created as a result of the pandemic for surgical spe-
cialties such as ophthalmology, gynecology, general surgery, 
orthopedics and urology.1 The model by Wang and col-
leagues, however, did not investigate ophthalmology in 
detail and underestimated the impact of continued delay on 
vision outcomes of patients.43

Projections of required resources for the future are essen-
tial for introducing policies such as implementation of oper-
ating room hours on weekends and extended hours on week-
days. Our projected model estimates suggest that a planned 
increase in provincial monthly resources of at least 34% will 
be required to return to the prepandemic surgical backlog by 
March 2023, while care is also provided for the normal flux 

of surgical patients. To provide context, a ramp-up of 34% 
in surgical volumes may be equivalent to supplementing a 
typical 8-hour day or a 40-hour week with an additional 
2 hours added to 2 working weekdays, as well as 1 full week-
end workday for surgical cases. The speed of recovery could 
be accelerated if hospitals were to share the burden of cases 
across the province. Other considerations such as the opera-
tional directives regarding patient transport, operating room 
preparation, personnel dressing and environmental sanitiza-
tion should be established to improve efficiency of the sur-
geries performed.45,46

One of the major strengths of this microsimulation model 
is the use of comprehensive databases that accurately captured 
the impact of the pandemic on surgical centres. Furthermore, 
we had access to detailed information on cases from several 
facilities. Modelling is a validated and useful tool for provid-
ing evidence to support policy-makers and decision-making 
throughout a pandemic.9 Our validation results provided 
strong support that the current model estimates are compar
able to historical data. The complex dynamic navigation of 
patients and interaction between resource availability and 
demand from the population for the future is most accurately 
estimated using microsimulations such as in this model. This 
model can be used for other scenarios, with new interruptions 
in ophthalmic surgeries. With the concerns of additional lock-
downs in the future, it is important to note the competing 
resource allocation for various other procedures and surgical 
specialties.4,47,48

Limitations
This model relies on forecasting COVID-19 cases based on 
historical data, current evidence-based guidelines and 
assumptions of patterns in surgical practice. Actual data on 
the number of patients awaiting surgery beyond March 
2020 is currently not available owing to the reductions in 
number of patients seeking health care during the pan-
demic. Although we aimed to capture the population 
growth rates of 1.3%–1.4% when estimating the number of 
patients presenting for each subspecialty surgery based on 
historical data, we did not take into consideration other fac-
tors such as aging population and evolving changes in 
health care needs over time, which could underestimate the 
backlog. This model also assumed that all reported histor
ical surgical volumes were appropriately indicated for sur-
gery, which may not always hold true depending on varia-
tions in practice patterns.49 

Bilateral cataract surgeries may be performed, though less 
commonly; however, the model was set up to simulate each 
patient eye separately, which may overestimate the resources 
required to clear the backlog. Data for urgent cases was 
based on tertiary care centres in the Greater Toronto Area, 
which likely provides a skewed number of emergencies. 
Lastly, it is expected that predictions over longer time hori-
zons will be progressively less robust in their reliability. A 
review of the impact of the wait times on patient quality of 
life was outside the scope of this study but may be studied in 
future models.
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Conclusion
The findings from this microsimulation model informed by 
historical provincial data of surgical volumes depicts the pro-
jected wait time for surgery and growing wait list for ophthal-
mology subspecialty surgery from the COVID-19 pandemic. 
Our projections suggest that a ramp-up in surgical volumes 
will be needed to return the backlog to prepandemic levels. 
The proposed recovery plans will aid jurisdictions in optimiz-
ing their response to the evolving needs of the population for 
vision-saving surgeries.
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