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ABSTRACT
Objectives  To ensure sufficient resources to care for 
patients with COVID-19, healthcare systems delayed non-
urgent surgeries to free capacity. This study explores the 
consequences of delaying non-urgent surgery on surgical 
care and healthcare resource use.
Design  This is a population-based retrospective cohort 
study.
Setting  This study took place in Alberta, Canada, from 
December 2018 to December 2021.
Participants  Adult patients scheduled for surgery in 
Alberta during the study period were included.
Primary and secondary outcomes measures  The 
proportion of surgeries completed and surgery wait time 
were the primary outcomes. The secondary outcomes were 
healthcare resource use (hospital length of stay, emergency 
room visits and physician visits). The association between the 
primary outcomes and patient and surgery-related variables 
was explored using regression.
Results  There were 202 470 unique patients with 259 677 
scheduled surgeries included. Fewer surgeries were 
completed throughout the pandemic compared with before; 
in the fourth wave, there was a decrease from 79% pre-
COVID-19 to 67%. There was a decrease in wait time for 
those who had surgery completed during COVID-19 (from 
105 to 69 days). Having surgery completed and the wait 
for surgery were associated with the geographical zone, 
COVID-19 wave, and the surgery type and priority. There 
was a decrease in all measures of healthcare resource use 
and an increase in hospital and all-cause mortality during 
COVID-19 compared with before COVID-19.
Conclusions  The change in the proportion of scheduled 
surgeries completed and the wait time for completed 
surgery was modest and associated with COVID-19 
wave and surgery-related variables, which was aligned 
with policies enacted during COVID-19 for surgery. The 
decrease in healthcare resource use suggests the effects 
of the COVID-19 pandemic may be delayed and may 
result in many patients presenting with advanced disease 
requiring surgical care.

INTRODUCTION
The novel SARS-CoV-2 virus (COVID-19) was 
declared a pandemic in March 2020 by the 

WHO.1 The pandemic led to a large influx of 
patients with COVID-19 that required care in 
hospitals and intensive care units (ICUs). To 
accommodate this large number of patients 
with COVID-19, strategies were developed 
to create surge capacity within hospitals 
(ie, free up hospital and ICU beds and staff 
to care for COVID-19 patients), such as 
delaying or cancelling non-urgent surgeries 
(not immediately life-threatening).2 3 Due to 
the pandemic’s novel and rapidly evolving 
nature, these strategies were developed in the 
absence of high-quality evidence. Delaying 
non-urgent scheduled surgeries on the scale 
seen during COVID-19 is unprecedented; a 
modelling study estimates that globally there 
were over 28 million surgeries postponed 
during the peak of COVID-19 disruptions.4 
The consequences of these decisions on 
patients and the healthcare system are only 
beginning to become evident. Evidence has 
outlined psychosocial impacts on patients 
(increased distress),5 and morbidity and 
mortality (patients waiting for surgery during 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study was population based and included all 
patients booked for surgery in a large province.

	⇒ This study compared the year before COVID-19 to 
the first four waves of COVID-19.

	⇒ It is likely that this study underestimates the number 
of patients whose access to surgical care was com-
promised due to the COVID-19 pandemic because 
we were only able to include patients who had a 
surgery scheduled and did not capture patients who 
were not able to be booked for surgery.

	⇒ The generalisability of these findings should consid-
er the context of the setting, including the number 
of COVID-19 cases, hospitalisations (including inten-
sive care unit) and deaths; and policies about pro-
viding surgical care during the pandemic.
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COVID-19 were more than three times more likely to 
die than patients before COVID-19),6 and system-wide 
consequences of delayed surgery are emerging such 
as disruptions in cancer care (extended wait time for 
cancer surgery led to 843 years of life lost in one prov-
ince and fewer detected cancers).7 8 Still, many studies 
continue to be small, single-centre studies or non-peer-
reviewed reports.5 9–14 While delaying non-urgent sched-
uled surgeries was likely necessary to redirect healthcare 
resources to the surges of COVID-19 patients, the effect 
of this on surgical care during COVID-19 or the impact of 
delaying surgeries on patients, healthcare providers and 
the system is unknown. Nor is there evidence to support 
strategies to mitigate the consequences of these decisions.

The objective of this study was to understand the number 
of surgeries delayed or cancelled during COVID-19 
and explore the consequences of delaying non-urgent 
surgeries on patients and the healthcare system.

METHODS
This study was conducted and reported in concordance 
with the Strengthening the Reporting of Observational 
Studies in Epidemiology and the Reporting of studies 
Conducted using Observational Routinely collected Data 
checklists.15 16

Study design and setting
This was a population-based retrospective cohort 
study conducted in Alberta, which has a population of 
4.7 million.17 Healthcare is publicly funded, with tertiary 
healthcare services delivered by Alberta Health Services, 
the single health data custodian. At the time of analysis 
and writing, the majority of scheduled surgeries occur in 
the over 22 publicly funded adult acute care hospitals in 
the province. The province is divided into five geograph-
ical health regions (zones); North, Edmonton, Calgary, 
Central and South.

Participants (cohort)
Adult patients (18 years and older) scheduled for surgery 
between 1 December 2018 and 31 December 2021 were 
included. Patients were identified through a record in the 
Operating Room Information Systems (ORIS), a provin-
cial surgical registry for all patients in Alberta.18 Patients 
are entered into the ORIS at the time they are consented 
for surgery. Patients who had data errors related to dates 
(eg, negative wait time or scheduled surgery date before 
decision to treat date), whose surgery date or last transac-
tion date was outside of the study period, or whose surgery 
date was the same date as an emergency department visit 
date (ie, likely an urgent surgery) were excluded (online 
supplemental file 1).

Data sources, access, linkage and cleaning
The cohort was identified using ORIS and encounter-level 
data were deterministically linked to four data sources 
to obtain information about hospital stays, emergency 

room visits, physician visits and mortality using a unique 
provincial healthcare number (PHN). The Discharge 
Abstract Database (DAD) includes demographic, admin-
istrative, diagnostic and procedural data on all patients 
discharged from the hospital.19–21 The National Ambu-
latory Care Recording System (NACRS) collects demo-
graphic, administrative, clinical and service-specific data 
from hospital-based and community-based ambulatory 
care visits, including day surgery, community outpatient 
clinic and emergency department visits.22–24 Physician 
billing claims are used to bill the province of Alberta for 
physician services provided. Vital statistics include infor-
mation about the date and cause of death.

These data sources were retrospectively abstracted in 
May 2022 by the data custodian (Alberta Health Services). 
Deidentified data (scrambled PHN) were provided to the 
principal investigator (KS). The range of data values, 
distribution and missing values were explored for all vari-
ables and data cleaning was performed by a trained data 
analyst (SV). A data enhancement strategy was used to 
deal with missing values.25

Outcomes & Variables
The primary outcomes were the proportion of surgeries 
completed and the wait time for surgery. Surgery status 
was a categorical variable with three levels—completed, 
waiting and cancelled reported in ORIS. The proportion 
of surgeries completed was the number of completed 
surgeries over the number of scheduled surgeries. 
Correspondingly, the proportion of surgeries cancelled 
or waiting was calculated as the number of surgeries 
cancelled or waiting over the number of scheduled 
surgeries.

For those who had surgery completed, the wait time was 
calculated as the difference between the date of surgery 
and the last ready-to-treat day (the date which was mutu-
ally agreeable to the patient and surgeon) in days. While 
the time from booking date to surgery date was available, 
we chose to include the last ready-to-treat date to take into 
considerations the wait time that was not due to health-
care system delays.

The secondary outcomes were healthcare resource use. 
In the absence of a single measure of healthcare resource 
use, cumulative length of hospital stay (total hospital 
length of stay for every hospital admission from DAD), 
the number of hospital readmissions (DAD), the number 
of emergency room visits (NACRS) and the number of 
physician visits (physician claims) were used to measure 
healthcare resource use.

Patient and surgery-related variables included patient 
age, sex, comorbidities (Charlson Comorbidity Index) 
and geographical zone at index surgery were abstracted 
from DAD, physician claims and ORIS. Patient’s age and 
sex were obtained from ORIS. Comorbidities were calcu-
lated based on ICD-10-CA (International Classification 
of Disease, 10th Edition, Canada) codes in the DAD and 
ICD-9-CA codes in the physician claims database and were 
calculated using the Quan method.26
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Surgical variables included the type of surgery (categor-
ical variable in ORIS), cancer-related surgeries (dichot-
omous variables in ORIS), priority level (categorical 
variables in ORIS), and if COVID-19 was the reason for a 
change to the surgery date (string variable in ORIS). The 
type of surgery was determined by the most responsible 
healthcare provider and recorded in ORIS and was classi-
fied as cardiovascular, dentistry, gastrointestinal, general, 
neurology, obstetrics/gynaecology, ophthalmology, oral 
and maxillofacial, orthopaedic, otolaryngology, plastic, 
thoracic, transplant, urology, vascular and other. The 
recommended wait time was calculated using the Alberta 
Coding Access Targets for Surgery codes,27 developed 
based on evidence-based best-practice guidelines for 
surgical care, to determine the priority for each surgery 
which was categorised as urgent priority (0–2 weeks), high 
priority (3–6 weeks), moderate priority (7–12 weeks) and 
lower priority (13+ weeks).

Time periods were created to explore the effects of the 
unique ‘waves’ of COVID-19 since there were strategic 
changes to surgical care during the study period. The 
time periods were defined as pre-COVID-19 (1 January 
2018–29 February 2020), wave 1 (1 March 2020–22 August 
2020), wave 2 (23 August 2020–20 March 2021), wave 3 
(21 March 2021–17 July 2021), wave 4 (18 July 2021–31 
December 2021). Surgeries were classified by the time 
period (wave) according to when they were booked for 
surgery.

Data analysis
The demographic characteristics of the cohorts were 
described using proportions, means (SD) and medians 
(IQR). One-way analysis of variance (ANOVA) for contin-
uous variables, Kruskal-Wallis tests for skewed continuous 
variables and χ2 tests for categorical variables were used 
to assess differences in the demographic characteristics, 
healthcare resource utilisation and safety pre-COVID-19 
and across COVID-19 waves.

To examine the effect that patient characteristics had 
on the primary outcomes (surgery completed and wait 
time), regression models were used. Multivariable logistic 
regression was used to examine the effect of potential 
factors on having surgery completed during each wave 
of the COVID-19 pandemic (dichotomous; completed vs 
not completed) while multivariable quantile regression 
was used to identify factors associated with surgery wait 
time (continuous variable). Variable clustering was used 
for assessing collinearity and redundancy of candidate 
variables. Potential effect measure modifiers, confounder 
or predictor variables included patient sex, age, cancer 
status (cancer-related vs non-cancer-related surgeries), 
Charlson Comorbidity Index and type of surgeries. Poten-
tial interaction terms were included in the regression 
models to evaluate effect modification, and the models 
were adjusted for confounders. In addition, all potential 
interactions and confounders were extensively explored 
through data inspection (online supplemental file 1). 
Coefficients or ORs are presented with 95% CIs and are 

unadjusted unless indicated, and ANOVA plot was used to 
identify the largest effect size for each outcome.

All statistical analyses were conducted by using R soft-
ware (V.4.2.3), and R packages rms28 and ggplot2.29

Patient and public involvement
Patients and the public were not involved in the concep-
tion of this study, nor were they involved in data collec-
tion, analysis or interpretation of the findings.

RESULTS
Characteristics of the cohort
There were 202 470 unique patients with 259 677 sched-
uled surgeries (online supplemental file 2). The median 
age of patients was 59 years old, with the majority 
being female (55.5%, n=144 237), having surgery in 
the Edmonton zone (30.9%, n=80 215; table  1). The 
type of surgeries that were scheduled differed between 
the time periods; overall the most common type of 
surgery was general surgeries (25.7%, n=668 222), ortho-
paedic (19.7%, n=51 134) and ophthalmologic (16.5%, 
n=42 897) with the number of ophthalmological surgeries 
decreased during COVID-19 to 10.7% (n=3075) of 
surgeries (table  1). Similarly, the number of scheduled 
cancer surgeries increased from 10.4% (n=19 835) to 
16.7% in the fourth wave of COVID-19 (n=4788, table 1).

Surgery status
Overall, 77.4% (n=201 061) of scheduled surgeries 
were completed in the cohort, 17.6% (n=45 591) were 
cancelled and 5.0% (n=13 025) were waiting (figure 1). 
The proportion of scheduled surgeries completed, 
cancelled and waiting changed throughout the COVID-19 
pandemic (p<0.001). The proportion of surgeries that 
were completed remained stable until wave 4, where the 
proportion decreased to 67.0%. The number of surgeries 
that were waiting increased throughout the pandemic 
with a sharp increase in wave 4 to 17.1% (n=4902), 
and the number of surgeries cancelled remained stable 
except with a decrease (fewer surgeries cancelled) in 
wave 3 before returning to pre-COVID-19 levels in wave 
4 (figure 1). Using logistic regression, geographical zone 
where the surgery was scheduled, the COVID-19 wave, 
the type of surgery, the priority level, whether it was a 
cancer surgery, patient age, sex and comorbidity were 
all associated with the surgery being completed. Patients 
who had lower priority dental or oral/maxillofacial 
surgery, scheduled in the two largest urban geographical 
zones, who were older with multimorbidity in wave 4 of 
COVID-19 had the lowest odds of having their surgery 
completed (online supplemental file 3). Using ANOVA, 
the priority level, type of surgery and geographical zone 
had the largest effect size (online supplemental file 3). 
When controlling for age, sex, geographical zone, cancer-
related surgery and surgery type, the odds of having a 
surgery completed in wave 1 was 1.12 (95% CI 1.08 to 
1.16), in wave 2 was 1.37 (95% CI 1.31 to 1.44), in wave 
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3 was 1.39 (95% CI 1.30 to 1.49), and in wave 4 was 1.03 
(95% CI 0.94 to 1.12) compared with pre-COVID-19.

Wait time for surgery
For completed surgeries, the median wait time decreased 
from before COVID-19 across each COVID-19 wave 
(figure 2). The factors associated with the wait time were 

geographical zone, COVID-19 wave and the surgery type 
and priority (online supplemental file 3). Those who had 
their surgery in geographical zones outside the two major 
cities, who had a transplant, cardiovascular/vascular/
thoracic surgery and were deemed a high priority had 
shorter wait times (online supplemental file 4). Using 

Table 1  Characteristics of the cohort

Variable Cohort
Pre-
COVID-19 Wave1 Wave2 Wave3 Wave4 P value

Scheduled surgeries 259 677 115 537 33 648 52 580 29 229 28 683 <0.001

Sex male (%) 115 440 (44.5) 50 532 (43.7) 15 276 (45.4) 23 702 (45.1) 12 969 (44.4) 12 961 (45.2) <0.001

Age

 � Median (IQR) 59.0
(43.0–70.0)

58.0
(43.0–70.0)

59.0
(43.0–70.0)

59.0
(43.0–70.0)

58.0
(43.0–69.0)

58.0
(43.0–69.0)

0.001

 � Mean (SD) 56.23 (17.0) 56.25 (17.1) 56.31 (17.0) 56.33 (17.0) 56.14 (16.9) 55.90 (16.8) 0.007

Comorbidities*

 � Mean (SD) 0.51 (1.4) 0.53 (1.4) 0.55 (1.4) 0.49 (1.3) 0.48 (1.3) 0.45 (1.3) <0.001

 � 0 211 447 (81.4) 93 961 (81.3) 27 040 (80.4) 42 805 (81.4) 23 928 (81.9) 23 713 (82.7) <0.001

 � 1 15 794 (6.1) 7126 (6.2) 2163 (6.4) 3305 (6.3) 1689 (5.8) 1511 (5.3)

 � 2+ 32 436 (12.5) 14 450 (12.5) 4445 (13.2) 6470 (12.3) 3612 (12.4) 3459 (12.1)

Surgery type <0.001

 � Cardiovascular 4185 (1.6) 1144 (1.0) 758 (2.3) 973 (1.9) 593 (2.0) 717 (2.5)

 � Dentistry 647 (0.2) 351 (0.3) 76 (0.2) 114 (0.2) 57 (0.2) 49 (0.2)

 � Gastrointestinal 892 (0.3) 387 (0.3) 468 (1.4) 37 (0.1) 0 (0.0) 0 (0.0)

 � General 668 222 (25.7) 28 440 (24.6) 8675 (25.8) 13 591 (25.8) 7819 (26.8) 8297 (28.9)

 � Neurology 4075 (1.6) 1753 (1.5) 524 (1.6) 774 (1.5) 509 (1.7) 515 (1.8)

 � Obstetrics/gynaecology 35 556 (13.7) 16 008 (13.9) 4382 (13.0) 6848 (13.0) 4071 (13.9) 4247 (14.8)

 � Ophthalmology 42 897 (16.5) 21 327 (18.5) 5255 (15.6) 8989 (17.1) 4251 (14.5) 3075 (10.7)

 � Oral and maxillofacial 422 (0.2) 217 (0.2) 45 (0.1) 81 (0.2) 48 (0.2) 31 (0.1)

 � Orthopaedic 51 134 (19.7) 22 316 (19.3) 6445 (19.2) 10 647 (20.2) 6024 (20.6) 5702 (19.9)

 � Other 202 (0.1) 8 (0.0) 8 (0.0) 29 (0.1) 41 (0.1) 116 (0.4)

 � Otolaryngology 12 934 (5.0) 5922 (5.1) 1531 (4.6) 2515 (4.8) 1397 (4.8) 1569 (5.5)

 � Plastics 12 576 (4.8) 5924 (5.1) 1684 (5.0) 2421 (4.6) 1385 (4.7) 1162 (4.1)

 � Thoracic 815 (0.3) 362 (0.3) 112 (0.3) 174 (0.3) 69 (0.2) 98 (0.3)

 � Transplant 295 (0.1) 110 (0.1) 40 (0.1) 55 (0.1) 31 (0.1) 59 (0.2)

 � Urology 24 430 (9.4) 10 402 (9.0) 3436 (10.2) 4967 (9.4) 2754 (9.4) 2871 (10.0)

 � Vascular 1795 (0.7) 866 (0.7) 209 (0.6) 365 (0.7) 180 (0.6) 175 (0.6)

 � Cancer surgery 31 501 (12.1) 12 017 (10.4) 4327 (12.9) 6357 (12.1) 4012 (13.7) 4788 (16.7) <0.001

Zone (%) <0.001

 � Calgary 41 262 (15.9) 19 835 (17.2) 4681 (13.9) 7334 (13.9) 4985 (17.1) 4427 (15.4)

 � Central 71 546 (27.6) 31 493 (27.3) 9407 (28.0) 15 130 (28.8) 8003 (27.4) 7513 (26.2)

 � Edmonton 80 215 (30.9) 35 070 (30.4) 11 180 (33.2) 16 013 (30.5) 8482 (29.0) 9470 (33.0)

 � North 28 991 (11.2) 12 274 (10.6) 3637 (10.8) 6486 (12.3) 3484 (11.9) 3110 (10.8)

 � South 37 663 (14.5) 16 865 (14.6) 4743 (14.1) 7617 (14.5) 4275 (14.6) 4163 (14.5)

Pre-COVID-19 (1 January 2018–29 February 2020), wave 1 (1 March 2020–22 August 2020), wave 2 (23 August 2020–20 March 2021), wave 3 
(21 March 2021–17 July 2021), wave 4 (18 July 2021–31 December 2021).
*Charlson Comorbidity Index calculated using all records.
n, number.
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ANOVA, the priority level, type of surgery and geographical 
zone had the largest effect size (online supplemental file 4).

The median wait time for scheduled surgery varied 
between the types of surgeries; ophthalmologic, oral and 
maxillofacial (and dentistry), and orthopaedic surgeries 
consistently had longer wait times but consistently 

decreased across COVID-19 waves (p<0.0001; figure  2). 
Wait time for cancer surgery remained relatively 
unchanged across time periods, with a small decrease in 
wait time during wave 1 compared with the other time 
periods (pre-COVID-19: median=5.71 weeks, IQR=3.14–
11.85, wave 1: median=4.71 weeks, IQR=2.43–11.43, wave 

Figure 2  Median wait time by surgery and COVID-19 wave. Time periods are recommended time for type of surgery (0-2 
weeks, 3-6 weeks, 7-12 weeks, 13+ weeks).

Figure 1  Surgery status by COVID-19 wave. ICU, intensive care unit.
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2: median=5.15 weeks, IQR=2.86–10.29, wave 3: 5.43 
weeks, IQR=3.00–11.4, wave 4: 5.29 weeks, IQR=2.72–
10.86; p<0.0001). The median surgery wait time for 
higher-priority surgeries was relatively unchanged, and 
the wait time for lower-priority surgeries decreased across 
COVID-19 waves (p<0.001).

When controlling for age, sex, geographical zone, 
cancer-related surgery and surgery type the geometric 
mean wait time in wave 1 was reduced by 5.8% (95% CI 
−7.4% to −4.2%), in wave 2 was reduced by 16.9% (95% 
CI −20.0% to −14.9%), in wave 3 was reduced by 18.8% 
(95% CI −21.8% to −15.9%), and in wave 4 was reduced 
by 22.1% (95% CI −25.8% to −18.4%) compared with the 
geometric mean wait time pre-COVID-19.

When examining surgeries that specifically were delayed 
due to COVID-19-related capacity issues, the median 
surgery wait time increased from 19.85 (IQR=10.82–38.43) 
weeks in wave 1 to 34.57 weeks (IQR=14.57–50.29) in wave 
2, before decreasing to 28.29 (IQR=21.86–36.29) weeks 
in wave 3 and to 14.29 (IQR=9.29–21.29) weeks in wave 4 
(p<0.001) for surgeries that were delayed due to COVID-19.

Healthcare resource use
Among patients scheduled for surgery, there were 155 687 
hospital admissions among 113 023 unique patients 
during the study period, with the number of scheduled 
surgeries requiring hospital admission being lower before 
COVID-19 than during each wave of COVID-19 (table 2). 
However, the number of hospital admissions per patient 
admitted was lower during each wave of COVID-19 
than before COVID-19 (table 2). While in the hospital, 
the number of ICU hours and, correspondingly, the 
resource intensity of patients was lower during all waves 
of COVID-19 than before COVID-19. The number of 
patients with an index hospital admission who was read-
mitted within 30 days was similar before COVID-19 and 
across all waves of COVID-19. The number of emergency 
room visits was similar across all waves of COVID-19 but was 
lower than before COVID-19. A similar pattern emerged 
when examining the number of physician visits; the 
number of physician visits per patient was similar across 
each wave of COVID-19 but went from 14.0 (IQR=8.00–
23.00) before COVID-19 to 5.00 (3.00–10.00) in wave 1, 
7.00 (IQR=4.00–13.00) in wave 2, 4.00 (IQR=2.00–8.00) 
in wave 3 and 5.00 (IQR=3.00–10.00) in wave 4.

Mortality
The number of patients who died while in hospital 
increased during COVID-19 compared with before 
COVID-19, with the highest proportion of hospital admis-
sions resulting in death being in wave 4 (0.5% of hospital 
admissions died before COVID-19, 1.4% in wave 1, 1.8% 
in wave 2, 1.9% in wave 3 and 3.2% in wave 4, p<0.001). 
Overall all-cause mortality among patients scheduled for 
surgery also increased to 5.85% in wave 4 compared with 
0.93% before COVID-19 (wave 1=2.74%, wave 2=2.96% 
and wave 3=3.26%).

DISCUSSION
In this study, while a larger proportion of scheduled 
surgeries were cancelled during many of the waves 
of COVID-19, the proportion of scheduled surgeries 
completed remained relatively stable until the fourth wave 
of COVID-19. The priority level of the surgery and the 
geographical zone were two of the strongest predictors 
of surgeries being completed, suggesting that COVID-19-
related factors significantly contributed to surgeries being 
completed during COVID-19 and that some jurisdictions 
were more impacted than others, consistent with provin-
cial trends in COVID-19 cases and hospitalisation.30 For 
completed surgeries, the wait time decreased during 
COVID-19 and was associated with the priority level of the 
surgery, the type of surgery and the geographical zone 
where the surgery was scheduled. This finding is aligned 
with policies for surgical prioritisation during COVID-19 
that outlined only high-priority surgeries, including 
cancer surgeries, were scheduled during some waves of 
COVID-19,31 resulting in fewer surgeries of lower priority 
being scheduled, consequently reducing wait for surgery. 
Similarly, there was decreased healthcare resource use 
during COVID-19 and increased mortality.

During COVID-19, policies were enacted that priori-
tised cancer surgeries and high-priority surgeries among 
acutely ill patients.31 These policies may have been drivers 
of surgeries being completed; COVID-19 wave, which may 
be a surrogate measure of surgical policies was one of the 
strongest predictors of wait times. These findings speak 
to the important role policy has in healthcare delivery. 
While this study was not designed to evaluate the effec-
tiveness of policies for surgery during COVID-19, the 
findings suggest that policies that prioritised cancer 
surgery and other specific types of surgeries3 resulted 
in more surgeries being completed and within clinically 
appropriate wait times. Additional research is needed to 
explore the appropriateness and effectiveness of poli-
cies for surgery during COVID-19. During COVID-19, 
many policies were implemented with little supporting 
evidence due to the novel nature of COVID-19 and the 
rapidly evolving situation; however, even outside of the 
pandemic, policies are not always evidence informed.32 33 
Incorporating evidence into health policy is critical and 
requires two key elements—having high-quality evidence 
to inform policy and approaches for incorporating 
evidence into policy. The growing body of evidence on 
surgical care during healthcare crises, generated since 
the beginning of the COVID-19 pandemic, can be used 
to inform surgical policies moving forward.10 12 34 35 Strat-
egies to strengthen evidence-informed health policy 
include better collaboration between health researchers 
and policy-makers; these symbiotic relationships and 
collaborative strategies should be established now so that 
during times of healthcare crisis urgent policies can be 
enacted.36

An important evidence-based consideration when 
developing policies to manage surgical wait times is the 
effect delays in surgery have on clinical outcomes. Delays 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
31 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2024-085247 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


7Sauro K, et al. BMJ Open 2024;14:e085247. doi:10.1136/bmjopen-2024-085247

Open access

Ta
b

le
 2

 
H

ea
lth

ca
re

 r
es

ou
rc

e 
us

e

Va
ri

ab
le

P
re

-C
O

V
ID

-1
9

W
av

e 
1

W
av

e 
2

W
av

e 
3

W
av

e 
4

P
 v

al
ue

C
ru

d
e

A
d

j*
C

ru
d

e
A

d
j*

C
ru

d
e

A
d

j*
C

ru
d

e
A

d
j*

C
ru

d
e

A
d

j*
C

ru
d

e

H
os

p
ita

l v
is

its
†

n 
(%

)
61

 0
89

(3
8.

83
)

12
3 

78
5 

(7
6.

58
)

23
 7

33
(5

4.
65

)
33

 2
65

 
(7

6.
60

)
31

 2
90

(4
4.

74
)

53
 9

56
 

(7
7.

00
)

18
 8

40
(5

1.
47

)
28

 4
77

 
(7

7.
85

)
20

 7
35

(5
5.

15
)

29
 0

13
 

(7
7.

17
)

H
os

p
ita

l v
is

its
 p

er
 

p
at

ie
nt

M
ea

n 
(S

D
)

1.
52

 (1
.0

7)
1.

47
 (1

.0
7)

1.
29

 (0
.7

0)
1.

41
 (0

.5
1)

1.
33

 (0
.7

6)
1.

35
 (0

.5
6)

1.
25

 (0
.6

2)
12

9 
(0

.6
0)

1.
31

 (0
.7

2)
1.

24
 (0

.8
1)

<
0.

00
1

H
os

p
ita

l l
en

gt
h 

of
 s

ta
y 

(d
ay

s)
‡

M
ed

ia
n 

(IQ
R

)§

26
.0

0
(1

0.
00

–6
0.

00
)

10
.1

8 
(0

.1
4)

14
.0

0
(6

.0
0–

36
.0

0)
12

.2
6 

(0
.2

1)
19

.0
0

(7
.0

0–
45

.0
0)

11
.5

3 
(0

.1
9)

12
.0

0
(5

.0
0–

33
.0

0)
12

.6
5 

(0
.2

4)
15

.0
0

(6
.0

0–
32

.0
0)

12
.8

6 
(0

.2
3)

<
0.

00
1

R
es

ou
rc

e 
in

te
ns

ity
M

ed
ia

n 
(IQ

R
)

1.
95

 (1
.0

9–
3.

60
)

1.
42

 (0
.0

1)
1.

69
 (0

.9
8–

3.
21

)
1.

71
 (0

.0
1)

1.
77

 (1
.0

4–
3.

41
)

1.
66

 (0
.0

1)
1.

71
 (0

.9
2–

3.
30

)
1.

78
 (0

.0
1)

1.
78

 (1
.0

2–
3.

30
)

1.
74

 (0
.0

1)
<

0.
00

1

IC
U

 (h
ou

rs
)‡

M
ed

ia
n 

(IQ
R

)§
54

.3
0

(8
.2

0–
12

7.
10

)
11

.4
2 

(0
.4

1)
19

.3
0

(0
.0

0–
70

.7
0)

13
.9

7 
(0

.6
0)

23
.6

0
(0

.0
0–

91
.6

5)
13

.0
3 

(0
.5

3)
17

.7
0

(0
.0

0–
68

.5
0)

14
.4

1 
(0

.6
6)

20
.4

0
(0

.0
0–

80
.3

5)
14

.1
2 

(0
.6

6)
<

0.
00

1

H
os

p
ita

l r
ea

d
m

is
si

on
(3

0 
d

ay
s)

M
ea

n 
(S

D
)

52
8 

(1
.3

)
56

3 
(1

.4
)

30
9 

(1
.7

)
25

7 
(1

.4
)

30
0 

(1
.3

)
30

6 
(1

.3
)

21
9 

(1
.5

)
21

1 
(1

.4
)

20
1 

(1
.3

)
22

1 
(1

.4
)

<
0.

00
1

E
m

er
ge

nc
y 

vi
si

ts
 T

ot
al

23
1 

67
4

22
9 

35
7

75
 2

44
74

 4
91

93
 4

19
92

 4
84

57
 6

61
57

 0
84

74
 1

87
73

 4
45

E
m

er
ge

nc
y 

vi
si

ts
M

ed
ia

n 
(IQ

R
)¶

2.
00

(1
.0

0–
3.

00
)

2.
00

1.
00

(1
.0

0–
2.

00
)

1.
00

1.
00

(1
.0

0–
2.

00
)

1.
00

1.
00

(1
.0

0–
2.

00
)

1.
00

1.
00

(1
.0

0–
2.

00
)

1.
00

<
0.

00
1

*A
d

ju
st

ed
 fo

r 
ag

e 
at

 s
ur

gi
ca

l a
d

m
is

si
on

, b
io

lo
gi

ca
l s

ex
, C

ha
rls

on
 C

om
or

b
id

ity
 In

d
ex

, s
ur

ge
ry

 t
yp

e.
†P

ro
p

or
tio

n 
of

 v
is

its
 p

er
 s

ch
ed

ul
ed

 s
ur

ge
rie

s.
‡C

um
ul

at
iv

e 
le

ng
th

 o
f s

ta
y.

§A
d

ju
st

ed
 e

st
im

at
es

 in
cl

ud
e 

S
D

 b
as

ed
 o

n 
re

gr
es

si
on

 m
od

el
.

¶
Va

ria
nc

e 
to

o 
lo

w
 t

o 
re

p
or

t.
A

d
j, 

ad
ju

st
ed

.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 S

ep
tem

b
er 18, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
31 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2024-085247 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


8 Sauro K, et al. BMJ Open 2024;14:e085247. doi:10.1136/bmjopen-2024-085247

Open access�

in having non-urgent surgeries within clinically appro-
priate time frames are associated with increases in unde-
sirable outcomes, including mortality.37 38 Indeed, we 
and others found that during COVID-19, there was an 
excess death rate (more observed deaths than expected) 
not attributed to COVID-19.39 40 Some of these excess 
deaths may be partly attributable to delayed surgeries,41 
including those waiting to be scheduled for surgery which 
was not accounted for in this study resulting in an under-
estimate of the impact on patient health. Understanding 
the complex relationship between increased mortality 
and surgical delays was beyond the scope of this study. 
The impact of delaying non-urgent surgeries likely goes 
beyond mortality to patient quality of life, disease-specific 
outcomes, healthcare provider work satisfaction and well-
ness, and the healthcare system, as has been found during 
non-pandemic times.13 42–48 Studies from our group found 
that patients and surgeons experienced many negative 
consequences related to delaying non-urgent surgeries 
during COVID-19.5 49 Patients experienced a decrease in 
quality of life and included considerable distress while 
waiting for surgery during an uncertain time. Surgeons 
also experienced a great deal of distress, especially related 
to not being able to care for their patients to the best 
of their abilities but provided strategies to minimise the 
impact of caring for patients during times of healthcare 
constraint which should be considered.49 These findings 
may extend beyond the pandemic as waiting for surgery 
persists.5 Times of healthcare constraints continue in 
Canada and across the globe during the recovery from 
the wider impacts of COVID-19; future research is needed 
to understand the complex relationship between waiting 
longer than clinically recommended for surgery and 
outcomes beyond just survival and developing strategies 
to minimise the burden on patients, their healthcare 
providers and healthcare systems.

Access to healthcare is an important factor in wait times 
for surgery. The decrease in all measures of healthcare 
resource use suggests a decrease in access to healthcare, 
which has been corroborated by others.50 It has been 
reported that patients avoided accessing the healthcare 
system because of a decrease in available health services, 
isolation measures and fear of contracting COVID-
19.51 52 The consequence of the decrease in healthcare 
resource use, including diagnostic services, may result 
in an impending surge in patients being diagnosed with 
illnesses such as cancer, consequently, there may be a 
surge in patients requiring surgical treatment for these 
illnesses.8 53 Studies also suggest that this decrease in 
healthcare resource use will result in patients being diag-
nosed with more advanced disease states requiring more 
complex and invasive treatment.54 55 The implications of 
the COVID-19 pandemic on the healthcare system and 
healthcare resource use will likely not be clear for some 
time. Continued epidemiological surveillance of disease 
and health services research into the evolving trends in 
healthcare resource use are needed to meet the health-
care needs of the population.

While this study has several strengths; population-based 
data across 3 years covering 1 year prior to COVID-19 and 
the four largest waves of COVID-19, limitations should be 
noted and considered. While our surgery data (ORIS) 
were rich and had many time-related variables, these 
data are not intended for research purposes and, there-
fore, are not regularly monitored for quality on a regular 
basis; indeed, there were some data entry errors noted 
and there were some missing dates which we were able 
to impute using variables in the other data sources (see 
figure  1). Additionally, exploring effect modifiers and 
confounders identified that surgery type was an effect 
measure modifier, however, due to the large number of 
categories and small sample sizes in some cells we were 
not able to present the stratified estimates in the main 
body of the paper for all effect measure modifiers; more 
research is needed to explore within surgery variance in 
more detail, as the type of surgery was an important factor 
in having surgery completed and the wait time for surgery. 
The present study likely underestimates the number of 
patients whose access to surgical care was compromised 
due to the COVID-19 pandemic because we were only able 
to include patients who had a surgery scheduled (entered 
into ORIS), which excludes a group of patients waiting 
for a referral to a surgeon. Similarly, with reduced oper-
ating room availability, surgeons were not able to schedule 
patients they knew required surgery. On a related note, 
we chose to use the time from the last ready-to-treat date 
to surgery date (wait 2) rather than time from booking to 
surgery which may have also underestimated the wait time 
to surgery. While leveraging routinely collected adminis-
trative health data was efficient, we could not measure 
outcomes related to quality of life and patient and health-
care provider experiences. However, our previous studies 
provide insight into the patient and healthcare provider 
experience during COVID-19.5 Finally, generalisability of 
these findings beyond Alberta should be cautioned and 
factors such as a number of COVID-19 cases, hospital-
isations and COVID-19-related public health measures 
including surgical policies should be considered when 
generalising these findings to other areas.

In conclusion, this study found modest changes in the 
proportion of surgeries completed throughout the first 
four waves of COVID-19 but no increase in wait times 
for completed surgeries. However, this should be inter-
preted with caution. Interestingly, there was a decrease 
in healthcare resource use and an increase in mortality 
during COVID-19. This suggests during times of health-
care constraint, patients may avoid seeking the healthcare 
they need, resulting in an increase in mortality, which 
may extend beyond the COVID-19 pandemic to times 
of healthcare constraint. Notably, the factors associated 
with having surgeries completed and waiting for surgery 
(COVID-19 wave, geographical location, surgery type 
and priority) are aligned with policies enacted during 
COVID-19 to prioritise surgical care for those with cancer 
or high-priority surgeries; future research should explore 
the effectiveness of these policies. This highlights the 
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important role health policy plays in healthcare delivery 
and the need for evidence-informed policy through 
collaboration.

X Khara Sauro @kharasauro
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