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Abstract

Purpose SARS-CoV-2 vaccines have been proven effective
at preventing poor outcomes from COVID-19; however,
voluntary vaccination rates have been suboptimal. We
assessed the potential avoidable intensive care unit (ICU)
resource use and associated costs had unvaccinated or
partially vaccinated patients hospitalized with COVID-19
been fully vaccinated.

Methods We conducted a retrospective, population-based
cohort study of persons aged 12 yr or greater in Alberta
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(2021 population ~ 4.4 million) admitted to any ICU with
COVID-19 from 6 September 2021 to 4 January 2022. We
used publicly available aggregate data on COVID-19
infections, vaccination status, and health services use.
Intensive care unit admissions, bed-days, lengths of stay,
and costs were estimated for patients with COVID-19 and
stratified by vaccination status.

Results In total, 1,053 patients admitted to the ICU with
COVID-19 were unvaccinated, 42 were partially
vaccinated, and 173 were fully vaccinated (cumulative
incidence 230.6, 30.8, and 5.5 patients/100,000 population,
respectively). Cumulative incidence rate ratios of ICU
admission were 42.2 (95% confidence interval [CI], 39.7 to
44.9) for unvaccinated patients and 5.6 (95% CI, 4.1 to
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7.6) for partially vaccinated patients when compared with
fully vaccinated patients. During the study period, 1,028
avoidable ICU admissions and 13,015 bed-days were
recorded for unvaccinated patients and the total avoidable
costs were CAD 61.3 million. The largest opportunity to
avoid ICU bed-days and costs was in unvaccinated patients
aged 50 to 69 yr.

Conclusions Unvaccinated patients with COVID-19 had
substantially greater rates of ICU admissions, ICU bed-
days, and ICU-related costs than vaccinated patients did.
This increased resource use would have been potentially
avoidable had these unvaccinated patients been vaccinated
against SARS-CoV-2.

Résumé

Objectif Les vaccins contre le SRAS-CoV-2 se sont averes
efficaces pour prevenir les devenirs defavorables associes
a la COVID-19; toutefois, les taux de vaccination
volontaire ont ete sous-optimaux. Nous avons evalue
Uutilisation potentiellement évitable des ressources des
unites de soins intensifs (USI) et les coiits associes si les
patients non vaccines ou partiellement vaccines qui ont di
étre  hospitalises pour la COVID-19 avaient ete
completement vaccines.

Méthode Nous avons realise’ une etude
retrospective basee sur la population de personnes dgees
de 12 ans ou plus en Alberta (population de 2021 ~ 4,4
millions) admises dans une unite’ de soins intensifs et
atteintes de COVID-19 du 6 septembre 2021 au 4 janvier
2022. Nous avons utilise’ des donnees agregees accessibles
au public sur les infections d la COVID-19, le statut

de cohorte
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vaccinal et ['utilisation des services de sante. Les
admissions aux soins intensifs, les journees-patients, les
durees de sejour et les couits ont ete estimes pour les
patients atteints de la COVID-19 et stratifies selon le statut
vaccinal.

Résultats Au rotal, 1053 patients admis d I’USI souffrant
de la COVID-19 n’ctaient pas vaccines, 42 etaient
partiellement vaccines et 173 etaient completement
vaccines (incidence cumulative 230,6, 30,8 et 5,5 patients
/ 100 000 habitants, respectivement). Les taux d’incidence
cumules des admissions aux soins intensifs etaient de 42,2
(intervalle de confiance [IC] a 95 %, 39,7 a 44,9) pour les
patients non vaccines et de 5,6 (IC 95 %, 4,1 a 7,6) pour les
patients partiellement vaccines par rapport aux patients
entierement vaccines. Au cours de la periode a 1’etude,
1028 admissions evitables aux soins intensifs et 13 015
Jjournées-patients ont ete’ enregistrees pour les patients non
vaccines, et les coiits totaux evitables etaient de 61,3
millions de dollars canadiens. L’e¢conomie potentielle la
plus importante en matiere de journees-patients et de cotits
en soins intensifs touchait les patients non vaccines dges de
50 a 69 ans.

Conclusion Les patients non vaccines atteints de COVID-
19 ont affiche’ des taux beaucoup plus eleves d’admissions
a I’USI, de journees-patients a 1’USI et de couits lies a
I"USI que les patients vaccines. Cette utilisation accrue des
ressources aurait ete potentiellement evitable si ces
patients non vaccines avaient ete’ vaccines contre le

SRAS-CoV-2.

Keywords costs - COVID-19 - intensive care unit -
prevention - vaccination

Despite strong evidence that SARS-CoV-2 vaccines are
highly effective at preventing COVID-19,
hospitalizations (including intensive care unit [ICU]
admissions), and deaths,’ voluntary vaccination uptake
has been slow despite availability and vaccination rates
have been suboptimal across multiple jurisdictions,
including the province of Alberta.

Successive waves of COVID-19 have threatened to
overwhelm our healthcare system capacity. Health systems
have responded by rapidly expanding and reorganizing
acute care capacity, load-levelling, and transferring
critically ill patients across jurisdictions, redeploying
healthcare = professionals  after  postponement  or
cancellation of nonemergent services including scheduled
procedures and surgeries, and preparing standardized
critical care triage protocols as a fallback if confronted
with insufficient ICU capacity.™® The need for recurring
and sustained health system reorganization has generated

severe
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concern about substantial indirect harm to non-COVID-
related population health during the COVID-19
pandemic.*°

These concerns have magnified the dialogue about broad
public health measures, including the use of mandatory
vaccination policies in selected jurisdictions.” Mandatory
vaccination has been a polarizing and contentious public
health issue and has been variably implemented.® To
deepen our understanding of this issue, we explored the
potential avoidable ICU resource use and costs had
unvaccinated patients hospitalized with COVID-19 been
vaccinated.

Methods

We performed a historical, population-based cohort study
of persons aged 12 yr or older in Alberta, Canada (2021
population, ~4.4 million) admitted to any ICU with
COVID-19 from 6 September 2021 to 4 January 2022
(120-day study period). This period corresponded to the
fourth (delta variant-of-concern) COVID-19 wave in
Alberta. As of 6 September 2021, only 61.1% of the
eligible population of Alberta had been fully vaccinated.’

We used publicly available age-stratified aggregate data
on COVID-19 infections, vaccination status, and health
service use provided by Alberta Health.'” Because
aggregate data were used, we were not able to confirm
whether a given patient had been admitted to the ICU
multiple times. Nevertheless, we believe that this was
unlikely because a patient would only have been counted
more than once if they developed a new COVID-19
infection and were re-hospitalized within the same 120-day
study period.

SARS-CoV-2 vaccines were widely and freely available
during this period. Vaccination status included fully
vaccinated (receipt of > 2 doses of a Health Canada
[HC]-approved vaccine), partially vaccinated (receipt of 1
dose of a HC-approved vaccine), or unvaccinated."’

Data on ICU bed-days, lengths of stay, and costs were
extracted from the Discharge Abstract Database for
patients with COVID-19; values were estimated overall
and stratified by age. Costs were based on the Canadian
Institute for Health Information (CIHI) Case-Mix Group
(CMG) Plus methodology'? (see Electronic Supplementary
Material [ESM] eTable 1)."> As CMG costs are for the
entire duration of hospitalization, we estimated ICU costs
by comparing hospitalizations with and without ICU
admission. We calculated the ICU length of stay in days
by dividing the reported ICU hours by 24. We used the
emergency International Classification of Disease 10 (ICD-
10) code (U07.1), introduced on 1 April 2020, to identify
hospitalizations for COVID-19. All cases of COVID-19

reported by Alberta Health were laboratory confirmed by
HC-approved and validated SARS-CoV-2 polymerase
chain reaction tests. Prior data showed that the ICD-10
code (U07.1) can identify patients hospitalized and
admitted to ICU with COVID-19 with high sensitivity
and a high positive predictive value in administrative data
in Alberta.'*

We estimated avoidable costs using the formula, CA =
N x (1 — Ry/R;) x L x C, where CA is cost avoidance
(Canadian dollars [CAD]), N is the number of unvaccinated
or partially vaccinated patients, R; is the cumulative
incidence of ICU admissions among unvaccinated or
partially vaccinated patients, R, is the cumulative
incidence of ICU admissions among fully vaccinated
patients, L is the ICU length of stay, and C is the cost
per ICU day. In the formula, avoidable admissions were
N x (I — Ry/R;) and avoidable bed-days were N x
(1 — Ry/Ry) x L.

This study was approved by the Research Ethics Board
at the University of Alberta, Edmonton, Canada (File #
Pro00116509; 22 December 2021). The need for written
informed consent was waived.

Results

During the study period, 1,053 unvaccinated patients, 42
partially vaccinated patients, and 173 fully vaccinated
patients were admitted to the ICU (cumulative incidences
230.6, 30.8, and 5.5 admissions/100,000 population,
respectively) (Table 1; ESM eTable 2). The highest
cumulative incidences of ICU admission for unvaccinated
persons were in the age strata of 50-59, 60-69, and 70-79
yr (4325, 968.6, and 1,631.9 admissions/100,000
populations, respectively).

The cumulative incidence rate ratios of ICU admission
were 42.2 (95% CI, 39.7 to 44.9) for unvaccinated patients
and 5.6 (95% CI, 4.1 to 7.6) for partially vaccinated
patients, compared with fully vaccinated patients (Table 1).
The highest cumulative incidence rate ratios for ICU
admissions among unvaccinated relative to fully
vaccinated persons were again in the age strata of 50-59,
60-69, and 70-79 yr (121.5, 82.9, and 78.6, respectively).

An estimated 1,028 ICU admissions and 13,015 ICU
bed-days were recorded for unvaccinated persons. This
represents 61.8% of the total non-pandemic baseline-
funded ICU bed capacity in Alberta (n = 173 beds) being
allocated to unvaccinated patients with COVID-19 during
this 120-day period. For comparison, 35 potential
avoidable ICU admissions and 437 ICU bed-days were
recorded among partially vaccinated patients during the
same period. The largest numbers of avoidable admissions

@ Springer
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Table 1 Summary of age-stratified cumulative incidence, cumulative incidence rate ratio, ICU use, avoidable admissions, ICU services use, and
ICU bed-day avoidance by vaccination status from 6 September 2021 to 4 January 2022

Age Admissions Cumulative rate (n/ Cumulative ICU stay (days) R./R; Avoidable Avoidable Cost per ICU Avoidable
strata (n) 100,000 population) rate ratio*  (mean [SD]) admissions ICU bed- day (CAD) ICU costs
(yr) (n) days (CAD,
(days) millions)
Unvaccinated
12-29 72 44.6 58.7 8.1 (9.1) 0.0170 7c.8 573.9 4,826.5 2.77
30-39 112 97.0 78.8 8.9 (8.5) 0.0127 110.6 989.7 4,976.0 4.92
4049 159 213.5 61.0 11.9 (13.1) 0.0164 156.4 1,868.9 4,823.7 9.01
50-59 255 432.5 121.5 12.3 (11.8) 0.0082 252.9 3,113.2 4,501.3 14.01
60-69 258 968.6 82.9 14.9 (14.7) 0.0121 254.9 3,805.5 4,379.9 16.67
70-79 166 1,631.9 78.6 13.8 (13.0) 0.0127 163.9 2,255.1 4,593.1 10.36
80+ 31 328.3 18.3 9.8 (9.6) 0.0548 29.3 285.7 4,936.0 1.41
Total 1,053 230.6 42.2 12.7 (12.8) 0.0237 1,028.1 13,0154 4,712.4 61.33
Partially vaccinated
12-29 3 5.6 73 8.1 (9.1) 0.1364 2.6 21.0 4,826.48 0.10
30-39 4 13.6 11.1 8.9 (8.5) 0.0904 3.6 32.6 4,975.95 0.16
4049 7 36.9 10.5 11.9 (13.1) 0.0948 6.3 75.7 4,823.65 0.37
50-59 5 33.6 94 12.3 (11.8) 0.1060 4.5 55.0 4,501.32 0.25
60-69 13 117.1 10.0 14.9 (14.7) 0.0997 11.7 174.7 4,379.85 0.77
70-79 9 180.9 8.7 13.8 (13.0) 0.1148 8.0 109.6 4,593.12 0.50
80+ 30.2 1.7 9.8 (9.6) 0.5958 0.4 39 4,936.04 0.02
Total 42 30.8 5.6 12.7 (12.8) 0.1774 34.5 437.4 4,712.38 2.06

* Incidence rate ratio is the ratio of incidence of ICU admissions for unvaccinated or partially vaccinated patients with COVID-19 (per 100,000
population) divided by the incidence of ICU admission for fully vaccinated patients with COVID-19 (per 100,000 population)

ICU = intensive care unit; R,/R; = ratio of the rate of ICU admissions among fully vaccinated to the rate of ICU admission for the unvaccinated

or partially vaccinated patients

and ICU bed-days were in the age strata of 50-59 and
60—-69 yr (Table 1; Figure 1).

The avoidable ICU costs for unvaccinated patients
totalled CAD 61.3 million for the 120-day study period.
This was 20.6% of the total annual provincial budget for
ICU services, assuming a baseline of 173 funded ICU beds.
The largest opportunity for ICU bed-day (53%) and cost

B Avoidable ICU days mAvoidable ICU costs

aonf] 1229 years [] 5%
8% ] 30-30 years [ 8%

14% [ 4049 years [ 15%
249 (| 50-59 years [ ]23%
29% [ 60-69 years [ 27%
17% 70-79 years [ ] 17%

2% soyears+ 2%

Figure 1 Age-stratified distribution of avoidable ICU bed-days and
ICU costs for unvaccinated patients with COVID-19

@ Springer

avoidance (50%) were for unvaccinated patients in the age
strata 50-59 and 60-69 yr (Figure 1).

Discussion

In a large province-wide health region with free universal
access to SARS-CoV-2 vaccines, our population-based
study reinforces how an unvaccinated population has a far
greater likelihood of ICU admission and excess health
resource use due to COVID-19 infection than a population
vaccinated against COVID-19 with breakthrough
infection."”> We found that unvaccinated persons,
particularly within the age strata of 50-79 yr, accounted
for more than 1,000 potentially avoidable ICU admissions,
13,000 potentially avoidable ICU bed-days, and CAD 61
million in excess healthcare costs during only the four-
month COVID-19 wave dominated by the delta variant-of-
concern. Had this unvaccinated population been fully
vaccinated, substantial excess health resource use and costs
could have been avoided, and strain across the health
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system could have been mitigated. Strain on the ICU and
hospital capacity has been strongly associated with
incremental and excess attributable mortality during the
COVID-19  pandemic.'®'” This has necessitated
considerable reorganization of health services and
reallocation of health resources during the delta variant-
of-concern wave, such as redeployment of healthcare
professionals, deferral of routine health services, and
postponement of scheduled procedures and surgeries.

Vaccines are highly cost-effective population health
interventions because of their proven capacity to reduce
avoidable deaths, defer healthcare costs, and prevent long-
term disability attributable to communicable diseases.'®"
Similar data on the broad patient, health system, and
society benefits of vaccination against SARS-CoV-2 from
varying jurisdictions have now been shown.'®**2! In a
modelling study of the Italian population, widespread
vaccination was predicted to effectively reduce
hospitalizations by 74.9% (2,379,144 hospitalizations
avoided) and ICU admissions by 71.3% (259,224 1CU
admissions avoided), and over EUR 2.9 billion (CAD 3.95
billion) in avoided healthcare costs in 2021.°" In an
economic modelling study in the USA, widespread SARS-
CoV-2 vaccination was estimated to generate USD 5
trillion (CAD 6.1 trillion) in societal economic benefits.
These benefits were attributed largely to avoided SARS-
CoV-2 infections (with reduced hospitalizations and
rehospitalizations), reduced medical conditions
exacerbated by the pandemic (e.g., mental health
impairment and depression), more lives saved from fewer
COVID-19 infections, and the earlier lifting of public
health restrictions with more rapid resumption of normal
economic activity and gains to the USA’s gross domestic
product.'”® The societal benefits extend well beyond
COVID-19-specific infections and attributable deaths. A
substantial increase in excess deaths was observed in the
USA during the early phases of the pandemic when
vaccines were not available, with a large proportion
attributed to causes other than COVID-19, such as heart
disease, diabetes, and nonrespiratory related disease.>%%?
This excess mortality may be related to delayed or impeded
access to acute care and strained health systems.'’

This study has limitations. First, we used aggregate data
on vaccination status and lengths of stay that were age
adjusted only and do not account for comorbidity and
acuity. Second, estimated bed-days and costs per ICU bed-
day were aggregated for the total and age-stratified patients
with COVID-19 and were not specifically stratified by
vaccination status. Further, these estimates represent the
ICU only and do not capture total hospitalization.
Nevertheless, the data used to derive estimates were real-
world, population level and included vaccination status and
health services use. Lastly, these data were derived in

Alberta and may have limited generalizability to other
health jurisdictions. Nevertheless, similar resource and cost
avoidance would be likely under comparable conditions.

In conclusion, our findings have important implications
for discourse on the relative balance of increasingly
stringent public health protection (restrictions), including
mandatory vaccination policies, and the sustainability and
function of health system infrastructure and capacity
during the ongoing COVID-19 pandemic.>
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