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a b s t r a c t 

Background: Epidemics of COVID-19 strained hospital resources. We describe temporal trends in mor- 

tality risk and length of stays in hospital and intensive care units (ICUs) among patients with COVID-19 

hospitalized through the first three epidemic waves in Canada. 

Methods: We used population-based provincial hospitalization data from the epicenters of Canada’s epi- 

demics (Ontario and Québec). Adjusted estimates were obtained using marginal standardization of logistic 

regression models, accounting for patient-level and hospital-level determinants. 

Results: Using all hospitalizations from Ontario (N = 26,538) and Québec (N = 23,857), we found that 

unadjusted in-hospital mortality risks peaked at 31% in the first wave and was lowest at the end of the 

third wave at 6–7%. This general trend remained after adjustments. The odds of in-hospital mortality in 

the highest patient load quintile were 1.2-fold (95% CI: 1.0–1.4; Ontario) and 1.6-fold (95% CI: 1.3–1.9; 

Québec) that of the lowest quintile. Mean hospital and ICU length of stays decreased over time but ICU 

stays were consistently higher in Ontario than Québec. 

Conclusions: In-hospital mortality risks and length of ICU stays declined over time despite changing pa- 

tient demographics. Continuous population-based monitoring of patient outcomes in an evolving epi- 

demic is necessary for health system preparedness and response. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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The COVID-19 pandemic has put immense pressure on health 

are systems. Canada’s most populous provinces, Ontario and 

uébec, bore the brunt of the pandemic ( Godin et al., 2021 ). 

hese 2 provinces accounted for 70% of the country’s total num- 

er of COVID-19 hospitalizations during the first 3 epidemic waves 

 INSPQ, 2021 ; PHO, 2021 ). The prolonged surges in hospital admis- 

ions led to rapid increases in hospital patient load, especially in 
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ntensive care units (ICUs), with associated cancellations of nonur- 

ent care ( Derfel, 2021 ; Favaro et al., 2021a , 2021b ; Olivier, 2021 ). 

In-hospital mortality provides a proxy measure of the severity 

f a pandemic and the quality and effectiveness of hospital care 

 Finelli et al., 2021 ). Worldwide, in-hospital mortality was highest 

n the first months of the pandemic but progressively declined af- 

erward ( Armstrong et al., 2020 ; Dennis et al., 2021 ). Reasons for

his decline include changes in who became infected (eg, age and 

omorbidities) ( Cummings et al., 2020 ; de Rosa et al., 2021 ), in-

remental improvements in clinical practice and treatment regi- 

ens ( Horwitz et al., 2021 ), and refinement of critical care capacity 

 Bravata et al., 2021 ; Harris et al., 2018 ). However, the evolution of

n-hospital mortality across its first three epidemic waves has yet 

o be systematically examined in Canada, and it remains unclear 

o what extent these different factors might explain changes in the 

isk of COVID-19 in-hospital mortality. 

During the course of the pandemic, projections of future de- 

ands for hospital beds have helped decision-makers to manage 

nd allocate limited healthcare resources ( CDC, 2021 ; INESSS et al., 

020 ; ScienceTable, 2021 ). Predicting those demands requires esti- 

ates of the number of incoming patients and their length of stays 

 Rees et al., 2020 ). Understanding the drivers of in-hospital COVID- 

9 mortality is important to improve the accuracy of those pro- 

ections. Additionally, the disproportionate needs for care in ICUs 

arrant a thorough investigation of temporal changes in length of 

CU stays ( Deschepper et al., 2021 ; Shryane et al., 2020 ). The lat-

er is a key metric that provides information on likely healthcare 

urden ( Rees et al., 2020 ). 

In North America, most studies of in-hospital COVID-19 mortal- 

ty were informed by the experiences of a single city ( Mitra et al.,

020 ; Verma et al., 2021 ) or hospital ( Mah et al., 2021 ; Yang et al.,

020 ) and the generalizability of these findings remains unclear. 

o address these knowledge gaps, we aim to (i) describe tempo- 

al trends in in-hospital COVID-19 mortality risk, (ii) understand 

rivers of changes in mortality risk, and (iii) estimate changes in 

ength of hospital and ICU stays using data from the two largest 

rovinces in Canada, where over 60% of the population reside. 

ethods 

tudy design and setting 

We conducted a retrospective population-based cohort study 

sing provincial COVID-19 hospitalization databases from Ontario 

nd Québec. Both provinces have a universal healthcare system 

nd these databases capture all hospitalizations. Healthcare is un- 

er provincial jurisdiction and the magnitude of epidemic waves 

nd clinical protocols for patients with COVID-19 differ across 

rovinces. 

ohort eligibility criteria 

Cohort entry occurs when individuals are admitted to an On- 

ario or Québec hospital with a COVID-19 diagnosis or the date 

f diagnosis if it occurs a week or more after admission (ie, pre- 

umed nosocomial infections) ( Elkrief et al., 2020 ). We included 

ll hospitalizations with a laboratory-confirmed COVID-19 diagno- 

is, admitted between March 1, 2020 and May 31, 2021 in Ontario 

nd Québec. All observations were censored at discharge, death, or 

n August 15, 2021, whichever occurred first. Among the very few 

ndividuals that experienced reinfection, only hospitalizations re- 

ated to the first laboratory-confirmed episode were included in 

uébec because reinfections are milder than primary infections 

 Qureshi et al., 2022 ). In Ontario, it is not possible to differenti-

te reinfection. Patients admitted or tested after discharge were ex- 
2 
luded. Participants with missing date of discharge were excluded 

rom the analyses of length of stays ( Figure 1 ). 

ata sources 

Hospitalization data for Ontario was obtained from the On- 

ario’s Case and Contact Management (CCM + ), a provincial surveil- 

ance database for reporting diseases of public health significance. 

he approaches dealing with missing observations are summarized 

n Supplementary Text 1. Information on daily hospital capacity 

ame from the bed census summary dataset. In Québec, data were 

btained from the Maintenance et exploitation des données pour 

’étude de la clientèle hospitalière database (MED-ÉCHO live). Daily 

ospital capacity data for each hospital were abstracted from the 

elevé quotidien du centre hospitalier . 

utcome and variables 

A total of three primary outcomes were studied. The first 

as all-cause in-hospital mortality, defined as a death occurring 

ithin 28 days of admission, which was in line with other stud- 

es ( Churpek et al., 2021 ; Docherty et al., 2021 ; Group, 2021 ;

KHSA, 2022 ). Patients discharged or dying after 28 days were 

oded as alive at 28 days. The other outcomes were the length of 

ospital and ICU stays, defined as time from hospital and ICU ad- 

ission, respectively, to discharge or death (inclusive of the latter; 

ith no censoring). 

We categorized patients on the basis of their admission date 

nd corresponding epidemic wave: Wave 1 (before August 1, 2020), 

ave 2 (August 1, 2020–March 20, 2021), and Wave 3 (after March 

0, 2021). Hospitalizations with a first positive specimen for SARS- 

oV-2 collected 7 days or more after admission, or whose living 

nvironment is the hospital, were classified as hospital-acquired 

nfection. In such cases, the date of hospital admission for COVID- 

9 was replaced with the date of the first positive specimen to 

etter reflect the time of infection. Patients who were admitted 

o the ICU the same day as their hospital admission were defined 

s direct ICU admission. Patients screened positive for a variant 

f concern (VOC), through mutations N501Y and E484K in On- 

ario and N501Y, del69/70, and E484K in Québec, were regarded as 

OC-positive (mostly B.1.1.7, with some B.1.351 and P.1). Only those 

hose specimen was collected 14 days after their second dose 

ere treated as vaccinated (only available in Québec by linking the 

rovincial vaccine registry and MED-ÉCHO databases). Overall hos- 

ital load of patients with COVID-19 relative to hospital bed ca- 

acity (henceforth, hospital patient load) was calculated daily us- 

ng the number of patients with COVID-19 currently hospitalized 

s the numerator and bed capacity (regular + ICU) as the denom- 

nator for each of the 88 hospitals in Québec and at the level of 

he 34 public health units in Ontario (due to data limitations). The 

istribution of all patient loads was categorized into quintiles from 

he lowest to highest independently for each province. The ICU pa- 

ient load relative to the ICU bed capacity (henceforth, ICU patient 

oad) was calculated on the basis of the same algorithm but using 

CU bed capacity as the denominator. The gender of hospitalized 

atients (as a proxy for biological sex) was not available in Québec. 

tatistical analyses 

Unadjusted weekly mortality risk, stratified by age, wave, and 

uintiles of patient load were calculated as the proportion of pa- 

ients admitted with COVID-19 that deceased within 28 days for 

ach time period and group. Uncertainty was quantified using 95% 

lopper-Pearson confidence intervals (CIs). Generalized linear mod- 

ls were used to fit smoothed curves of the weekly mortality risk 
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Figure 1. Flowchart of patients hospitalized with a laboratory-confirmed SARS-CoV-2 diagnosis included in the different analyses, by province (March 1, 2020–May 31, 2021). 
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with cubic spline for the week of admission) and the mortal- 

ty risk by age and wave. All analyses were performed for each 

rovince separately. 

Adjusted estimates of mortality risk were obtained using lo- 

istic regression models with cubic splines for calendar time (3 

nots). Additionally, the models adjusted for patient-level charac- 

eristics and hospital-level determinants. Patient-level variables in- 

luded those associated with severe outcome: age (cubic spline 
3 
ith knots at 50, 70, and 80 years; chosen using the Akaike In- 

ormation Criterion), gender (in Ontario), whether the patient was 

 resident of long-term care homes (LTCH), hospital-acquired in- 

ections status, direct ICU admission, VOC status, and vaccina- 

ion status (in Québec) ( Booth et al., 2021 ; Challen et al., 2021 ;

hurpek et al., 2021 ; Lv et al., 2021 ). Hospital-level determinants 

omprise the COVID-19 hospital patient load (quintile ranking) at 

ime of admission ( Block et al., 2021 ) and facility-level fixed effects 
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o control for measured/unmeasured time-invariant confounders. 

ecause of lack of data disaggregation in Ontario, both patient load 

nd region fixed effects were included at the public health unit 

evel (PHU). Marginal standardization was used to obtain adjusted 

ortality risks over time, standardizing over all hospitalized pa- 

ients. The 95% CI for overall adjusted mortality risks were gener- 

ted using 10 0 0 bootstrap replicates. 

Finally, we examined change in hospital and ICU length of stays. 

pecifically, we calculated mean and standard deviation and used 

aplan-Meier stratified by age groups (0–49, 50–59, 60–69, 70–79, 

0 years and older), by waves, and by hospital and ICU patient load 

uintiles. The significance of differences between survival curves 

as assessed using log-rank tests. 

thics approval 

Ethics approvals were obtained from the Health Sciences Re- 

earch Ethics Board of University of Toronto (no. 39253) in On- 

ario and the Institutional Review Board of Faculty of Medicine and 

ealth Sciences of McGill University in Québec (A06-M52-20B). 

esults 

There were 26,538 (Ontario) and 23,857 (Québec) COVID-19 

ospitalizations during the study period. Among them, 4950 (On- 

ario) and 4964 (Québec) deceased. Most of the deaths occurred 

ithin 28 days of admissions: 4394 (89%) in Ontario and 4551 

92%) in Québec. Nearly one fifth of patients were admitted to the 

CU during their hospital stay: 5166 (20%) in Ontario; 3923 (16%) in 

uébec. Hospital patient load ranged from 0%–47% in Ontario and 

%–51% in Québec (Table S1). The ICU patient load varied between 

%–83% in Ontario and between 0%–123% in Québec. 

Hospitalization profiles varied over time: patients admitted dur- 

ng the third wave were younger than those admitted during 

he first two waves ( Table 1 ). Patients with presumed hospital- 

cquired infections, those admitted directly to the ICU, those who 

ere not fully vaccinated, and those infected with a VOC were 

ore likely to die in the hospital. A decrease in the proportion 

f hospitalizations transferred from LTCH occurred after the first 

ave. These patients experienced higher mortality risk throughout 

he whole study period in Ontario. In Québec, however, LTCH pa- 

ients were less likely to die in hospitals during the third wave, 

eflecting partly changes in directives between waves related to 

hese transfers. 

ime trends in crude mortality risk among hospitalized patients with 

OVID-19 

The time trends in crude mortality risk were similar between 

rovinces ( Figure 2 ). In the first two months of the epidemic, the

robability of in-hospital death peaked at 31% (95% CI: 27%–35%) 

n Ontario and 31% (95% CI: 28%–34%) in Québec, followed by a 

radual decrease in mortality that lasted until the beginning of 

he second wave. Thereafter, the risk of in-hospital death gradu- 

lly increased but plateaued at lower levels than in the first wave 

t 23% (95% CI: 20%–27%) in Ontario and 23% (95% CI: 19%–27%) in 

uébec. In both provinces, the risk declined from the middle of the 

econd wave. Overall, the unadjusted mortality risk followed the 

umber of new hospitalizations except for the third wave when 

ass vaccination was taking place. 

There was a strong gradient in mortality risk with age in both 

rovinces and generally, the absolute mortality risk decreased over 

ime for all age groups ( Figure 2 ). However, there may have been

ess of a difference among those aged 60–84 years between the 

econd and third wave in Québec. Hospital patient load was also 

ssociated with mortality risk in the crude analyses in Québec: 
4 
here was a monotonic increase in crude mortality risk with in- 

reasing quintiles of facility-level patient load (Figure S1). The 

rend in Ontario, where patient load was measured at the level of 

HU, was stable through patient load quintiles. 

djusted mortality risk over time 

After adjusting for age, living environment, hospital-acquired 

nfection status, direct ICU admission, VOC and vaccination status, 

nd time-varying quintiles of hospital patient load, the estimated 

emporal trend in mortality risk was similar to the unadjusted ones 

n both provinces ( Figure 3 ). Despite this, Québec exhibited a more 

ronounced decrease in the estimated mortality risk at the begin- 

ing of the epidemic: from 37.1% (95% CI: 27.7%–45.8%) to 15.2% 

95% CI: 13.2%–17.4%). In Ontario, the estimated decline for the 

ame period was from 24.7% (95% CI: 18.7%–31.6%) to 13.5% (95% 

I: 11.3%–16.0%). The adjusted highest mortality risks during the 

econd wave were comparable in Ontario (18.9%; 95% CI: 18.0%–

9.8%) and in Québec (18.2%; 95% CI: 17.3%–19.0%) but the decline 

n the third wave was more pronounced in Ontario. 

In the adjusted analyses, mortality risk was higher at the sec- 

nd and highest patient load quintile in Ontario, whereas it in- 

reased with the patient load in Québec. The adjusted odds of in- 

ospital mortality in the highest patient load quintile were 1.2- 

old (95% CI: 1.0–1.4) and 1.6-fold (95% CI: 1.3–1.9) that of the 

owest one in Ontario and Québec, respectively (Table S1). Addi- 

ionally, the odds among patients that were male (aOR Ontario : 1.4; 

5% CI: 1.3–1.5), LTCH residents (aOR Ontario = 2.4, 95% CI: 2.1–2.7; 

OR Québec = 1.7, 95% CI: 1.5–2.0), with presumed hospital-acquired 

nfections (aOR Ontario = 1.5, 95% CI: 1.4–1.7; aOR Québec = 1.0, 95% CI: 

.0–1.2), directly admitted to the ICU (aOR Ontario = 3.7, 95% CI; 3.3–

.1; aOR Québec = 2.5, 95%CI: 2.1–3.1), or were infected with a VOC 

aOR Ontario = 2.0, 95% CI: 1.7–2.3; aOR Québec = 1.3, 95% CI: 1.0–1.7) 

ere higher in both provinces. In Québec, none of the fully vac- 

inated hospitalized patients with COVID-19 died. 

ospital and intensive care length of stays 

Over the whole study period, the average length of ICU stays 

as longer in Ontario (17.2 days) compared to Québec (12.9 days; 

-value < 0.01). This trend was observed for all age groups (all 

-values < 0.01; Table S3). Length of stays in the ICU decreased 

teadily over time in Ontario from 19.4–15.6 days (all pairwise p- 

alues < 0.01; Figure 4 ). In Québec, average length of ICU stays 

ere 13.5 days during the first wave and then stabilized at 12.6 

ays. Age was associated with length of stays in both province: 

ospitalized individuals aged 0–49 years and those aged 80 years 

nd older spent less time in the ICU than others age groups (all 

airwise p-values < 0.01). The age-specific pattern was generally 

onsistent across epidemic waves. Additionally, there was a trend 

f shorter length of stays in the ICU among hospitalized patients 

ounger than 70 years of age with each wave in Ontario (p-value 

 0.01; Figure S2). No conclusive pattern was observed for the 

ength of stays by ICU patient load (Figure S3). Patients who died 

nd those who never used a ventilator spent less time in the ICU 

p-value < 0.01, except for the third wave; Figure S4–S5). 

Overall length of hospital stays decreased over time from 17–

9 days to 12 days (all pairwise p-values < 0.01; Table S4). The 

etween-province differences were smaller compared to length of 

CU stays. Younger patients had shorter stays then those older than 

0 years (p-value < 0.01, Figure S6) and this pattern was consistent 

ver time. In Québec, higher patient loads were associated with 

horter length of hospital stays across time (p-value < 0.01, except 

or third wave; Figure S7). The patterns by survival and ventilation 

tatus were similar as those for the ICU. 
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Figure 2. Panel A : Unadjusted weekly mortality risk among patients hospitalized with COVID-19 in Ontario and Québec. Point estimates are presented with 95% Clopper- 

Pearson confidence intervals. Mortality for the first week of March 2020 is not presented as only 5 and 1 patients were admitted in Ontario and Québec, respectively. Fitted 

mortality risk over time using binomial logistic regression models with cubic splines for week of admission are shown (curves) with associated confidence intervals (shaded 

areas around the curve). Daily numbers of new patients hospitalized with a COVID-19 diagnosis were presented as the shaded background. Panel B : Unadjusted mortality 

risk among patients hospitalized with COVID-19 by 5-year age groups, stratified by epidemic waves, with 95% Clopper-Pearson confidence intervals in Ontario and Québec. 

For each age group, mortality risks during Wave 1 (before August 1, 2020), Wave 2 (August 1, 2020 to March 20, 2021), and Wave 3 (March 21, 2021 to May 31, 2021) are 

shown separately in that order from left to right. There was no hospitalization aged 5–9 years in Ontario during Wave 1. 

5 
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Table 1 

Characteristics of patients hospitalized with a laboratory-confirmed SARS-CoV-2 diagnosis and proportion deceased in Ontario and Québec (March 2020 to May 2021). 

Ontario (N = 26,538) Québec (N = 23,857) 

Wave 1 (N = 4,751) Wave 2 (N = 12,062) Wave 3 (N = 9,725) Wave 1 (N = 7,437) Wave 2 (N = 13,240) Wave 3 (N = 3,180) 

Number of deaths 

1,078 2,248 1,068 1,866 2,361 324 

Overall mortality risk [95% confidence interval] 

22.7% 

[21.5-23.9%] 

18.6% 

[17.9-19.3%] 

11.0% 

[10.4-11.6%] 

25.1% 

[24.1-26.1%] 

17.8% 

[17.2-18.5%] 

10.2% 

[9.2-11.3%] 

Age; mean (SD) 

At admission 67.8 (18.1) 68.3 (18.9) 59.9 (18.6) 71.5 (18.5) 69.9 (19.3) 60.8 (18.7) 

At death 79.2 (12.5) 79.8 (11.8) 74.0 (13.2) 81.6 (10.7) 82.0 (10.5) 76.7 (11.2) 

Sex; proportion (proportion deceased) 

Male 53.4% (23.0%) 54.2% (19.5%) 54.4% (11.8%) Data not available 

Female 46.6% (22.3%) 45.5% (17.6%) 44.8% (9.9%) 

Other 0.1% (33.3%) 0.3% (20.5%) 0.8% (12.3%) 

Living in long-term care homes; proportion (proportion deceased) 

Yes 18.7% (41.6%) 8.5% (42.7%) 0.4% (30.8%) 11.3% (41.8%) 2.8% (33.2%) 1.3% (2.4%) 

No 81.3% (18.3%) 91.5% (16.4%) 99.6% (10.9%) 88.7% (23.0%) 97.2% (17.4%) 98.7% (10.3%) 

Presumed hospital-acquired infection; proportion (proportion deceased) 

Yes 10.8% (29.9%) 16.2% (24.4%) 6.4% (23.3%) 16.1% (31.2%) 13.4% (21.0%) 4.6% (20.7%) 

No 89.2% (21.8%) 83.8% (17.5%) 93.6% (10.1%) 83.9% (23.9%) 86.6% (17.3%) 95.4% (9.7%) 

Ever admitted to ICU; proportion (proportion deceased) 

Yes 21.5% (28.9%) 17.6% (30.3%) 20.7% (22.9%) 20.0% (24.6%) 19.6% (24.7%) 23.6% (18.2%) 

No 78.5% (21.0%) 82.3% (16.1%) 79.3% (7.9%) 80.1% (25.2%) 80.4% (16.2%) 76.4% (7.7%) 

Direct admission to ICU; proportion (proportion deceased) 

Yes 11.8% (31.6%) 8.2% (31.9%) 9.1% (22.7%) 3.1% (22.8%) 3.1% (24.2%) 4.4% (23.6%) 

No 88.2% (21.5%) 91.8% (17.5%) 90.9% (9.8%) 96.9% (25.2%) 96.9% (17.6%) 95.6% (9.6%) 

Fully vaccinated before positive test; proportion (proportion deceased) 

Yes Data not available Data not available 0.1% (0.0%) 

No 99.9% (10.2%) 

Infected with variants of concern; proportion (proportion deceased) 

Yes Not applicable 4.7% (20.4%) 55.3% (14.2%) Not applicable 39.8% (11.6%) 

No 95.3% (18.6%) 44.7% (7.0%) 60.2% (9.3%) 

ICU = intensive care unit. 
a Only deaths occurred within 28 days of admission were included. 
b Wave 1: March 1, 2020 to July 31, 2020); Wave 2: August 1, 2020 to March 20, 2021; Wave 3: March 21, 2021 to May 31, 2021 . 

D

t

t

a

t

c

fi

a

w

t

l

P

c

fi

i

t

D

d

t

p

p

c

a

i

p

m

i

a

2  

t

h

i

t

m

fi

w  

2

c

h

m

a

t

(

l

i  

s

p

w

t

a

c

s

r

a

y

t

(

e

2

iscussion 

Using population-based provincial surveillance databases con- 

aining records of all hospitalized patients with COVID-19 in the 

wo largest Canadian provinces, this study found important vari- 

tions in mortality risk. Part of the observed decline over the 

hree epidemic waves could be explained by changes in patient 

haracteristics. Specifically, we found that the demographic pro- 

le of those acquiring infection (eg, age, LTCH residents), hospital- 

cquired infections, VOC, and higher patient loads were associated 

ith higher mortality risk. During periods of highest patient load, 

he adjusted in-hospital mortality increased in both provinces. The 

ength of ICU stay was consistently longer in Ontario than Québec. 

atients aged 0–49 years and those 80 years and older were dis- 

harged from the ICU more rapidly. 

The observed substantial decrease in mortality risk during the 

rst wave in both provinces is consistent with results from stud- 

es in the United Kingdom and the United States that adopted 

he same definition of in-hospital death ( Anesi et al., 2021 ; 

ocherty et al., 2021 ; Jones et al., 2021 ). Furthermore, given the 

iscrepant epidemiological curves between Ontario and Québec, 

he similarity in the adjusted temporal trends in mortality risk also 

rovides evidence that factors beyond patient profiles could have 

layed a role. Reasons behind the persistent reduction in mortality 

ould include adoption of new therapeutics and treatments. For ex- 

mple, dexamethasone and anti-IL-6 receptor monoclonal antibod- 

es, which have been shown to reduce mortality among severely ill 

atients in the RECOVERY trial ( Group, 2021 ), became part of treat- 

ent guidelines in early summer of 2020. Other potential factors 

nclude the cumulative experiences of hospital teams and the avail- 

bility of updated evidence-based COVID-19 protocols ( Asch et al., 

021 ; Coppock et al., 2021 ; Jones et al., 2021 ). The availability of
6 
he first doses of COVID-19 vaccines in the third wave may also 

ave contributed to the continuous decreasing mortality risk dur- 

ng that period ( Scobie et al., 2021 ). 

Overall, our analyses suggest that part of in-hospital mor- 

ality risk reductions could be sustained if hospital capacity is 

aintained and hospital-acquired infections are prevented. These 

ndings are aligned with those from studies conducted world- 

ide ( Bravata et al., 2021 ; Elkrief et al., 2020 ; French et al.,

021 ; Gray et al., 2021 ; Ponsford et al., 2021 ). Limited critical 

are resources and rapidly increasing staff-to-patient ratio could 

ave influenced patient outcomes during periods of high trans- 

ission ( Docherty et al., 2021 ; Sprivulis et al., 2006 ). Addition- 

lly, nosocomial infections could exacerbate mortality risk because 

his population has vulnerable health conditions and comorbidities 

 Ponsford et al., 2021 ; Richterman et al., 2020 ). 

Concomitant with reductions in mortality risks, decreases in the 

ength of ICU stays have been observed in multiple settings dur- 

ng the first wave ( Roth et al., 2021 ; Shryane et al., 2020 ). Our re-

ults suggest a continuous decline in ICU stay throughout the study 

eriod. Despite the similar temporal patterns between provinces, 

e observed that the length of ICU stay in Ontario was consis- 

ently longer than it in Québec, and the proportion of patients 

dmitted to the ICU was higher in Ontario as well. Interprovin- 

ial differences in clinical practices, such as criteria for ICU admis- 

ion and discharge, could explain part of these differences; other 

easons include the changing demographic profiles of COVID-19 

dmissions. For example, patients aged 0–49 years and those 80 

ears and older spent less time in the ICU than the others. Poten- 

ially because younger patients ( ≤50 years) improve more rapidly 

 Voinsky et al., 2020 ) and those in the oldest age group experi- 

nce higher mortality in the ICU ( ICNARC, 2020 ; Oliveira et al., 

021 ). These findings are consistent with the observed shorter 
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Figure 3. Adjusted mortality risk among patient hospitalized with COVID-19 and 95% bootstrapped confidence intervals in Ontario (in red) and Québec (in blue) since March 

1, 2020. The models were adjusted for quintile of hospital patient load at time of admission, age (cubic spline with 3 knots at 50, 70, and 80 years), sex (in Ontario), whether 

the patient was from long-term care home, had a hospital-acquired infection, direct admission to the intensive care unit, infection with a variant of concern, full vaccination 

status (in Québec), and either facility-level fixed effects (in Québec) or public health unit-level fixed effects (in Ontario). The absolute adjusted mortality risks were obtained 

by marginalizing over each province patient’s characteristics, which respective distributions differ slightly. 
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CU stay among those who died and those who never used a 

entilator. 

Tracking the evolution of patient outcomes can help im- 

rove hospital services, supply chain management, human re- 

ources planning, and prioritize future research ( Bateson and Mc- 

eake, 2022 ). Additionally, the average length of ICU stays is a 

ritical metric required to project census ICU beds, which has 

een a limiting factor of healthcare systems in several settings 

 Lapidus et al., 2020 ). Timely availability of high-quality surveil- 

ance data should be prioritized. Despite differences in the pro- 

ortion of patients admitted to the ICU and their length of stay, 

he in-hospital mortality risks were relatively consistent between 

ntario and Québec. Improving our understanding of the ICU de- 

and may contribute to optimize patient outcomes, help planning 

or sufficient hospital capacity, and adapt to potential increases in 

atient flows ( Bravata et al., 2021 ; Rossman et al., 2021 ). 

Our study should be interpreted considering certain limitations. 

irst, we were unable to control for sex ( Zha et al., 2021 ), ethnic-

ty ( Price-Haywood et al., 2020 ; Xia et al., 2022 ), and comorbidi-

ies( Garibaldi et al., 2021 )—factors that could be associated with 

OVID-19 mortality. Although we were able to control for some 

f the main predictors of COVID-19 mortality (eg, age, hospital- 

cquired infections, LTCH residents), we cannot rule out resid- 

al confounding. Additionally, we considered all patients with a 

aboratory-confirmed SARS-CoV-2 diagnosis; although, it might not 

e the principal reason for the hospitalization. Second, the ad- 

inistrative and surveillance databases used do not provide de- 

ailed information on treatments received by patients. This lim- 

tation hampered our ability to examine how evolving standards 

f care and specific treatments affected mortality outcomes. Third, 

e defined our mortality outcome as patients who died within 28 
7

ays after admission, which may slightly underestimate mortality 

isk. However, this definition captures close to 90% of the total in- 

ospital deaths and our results are robust to expanding the death 

efinition to within 56 days of admission. Additionally, it has the 

erit of measuring the immediate impact of COVID-19 on deaths 

ore accurately ( Heneghan and Oke, 2020 ). Fourth, the CCM + data 

rom Ontario did not allow the addition of facility-level variables 

nd vaccine status. We addressed this by using PHU-level variables 

o (partially) control for interhospital variations. Further, the lack 

f vaccine status should not affect the results based on the small 

umber of fully vaccinated patients ( < 0.01%) and the similar time- 

ine of vaccination program implemented during the study period. 

inally, missing dates of discharge in Ontario were assumed to be 

issing completely at random. The potential for bias is low, how- 

ver, as these errors in data entry and transmission are likely in- 

ependent of hospitalization—as shown in our examination of the 

haracteristics of hospitalizations with observed and missing dates 

f discharge. 

Strengths of this study includes its representativeness: all hos- 

italizations in these two provinces are included. This study also 

dds considerably to the timeline—spanning over three epidemic 

aves—of COVID-19 inpatient mortality risks and length of ICU 

tays. We controlled for some of the key confounders and results 

ere relatively consistent across provinces operating under differ- 

nt health jurisdictions. 

In conclusion, this study demonstrates temporal variability in 

ortality risk among hospitalized patients that could not be 

xplained by changes in demographic profiles of patients with 

OVID-19 across epidemic waves. Findings highlight the impor- 

ance of strategies to buffer against surges in hospital capacity 

nd limiting nosocomial outbreaks to reduce in-hospital mortal- 
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Figure 4. Kaplan-Meier curves for length of stays in intensive care units (ICU) among patients hospitalized with COVID-19, stratified by age group and by wave, in Ontario 

(top row) and Québec (bottom row). Waves are defined as followed: first wave 1 (before June 30, 2020), second wave (August 23, 2020 to March 20, 2021), and third wave 

(March 21, 2021 to May 31, 2021). 
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ty risk. As the epidemic continues, there remains a potential for 

uture surges from emergence of new variants especially if associ- 

ted with increased virulence, the potential for waning protection 

gainst severity from vaccines, and the potential for reduction in 

ospitalization with the scale-up of outpatient therapeutics. Hence, 

ontinued monitoring of the evolution of patient outcomes and re- 

valuation of the length of ICU stay will be essential to adapt and 

nform hospital capacity planning to improve patient outcomes. 
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