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Clinicians have a medical and fiscal responsibility to 
choose wisely in spending health care dollars, and to 
optimize patient access to hospital resources and 

flow through the hospital from admission to discharge. This 
requires discerning which treatments are most likely to be 
clinically effective and most cost-effective for patient-
important outcomes. As hospitals look to increase intensive 
care unit (ICU) capacity during the global COVID-19 pan-
demic, health economic models provide a means of model-
ling the economic and clinical impact of a change in inter-
vention before hospitals commit to implementation.

Mechanical ventilation is an important component of 
patient critical care, with 33% of patients in Canadian ICUs 
in 2013–2014 requiring invasive ventilation.1 In Ontario 
alone, about 125 000 patients required mechanical ventilation 
in ICUs between 2006 and 2012, which amounted to around 
570 000 days of ventilation.2 Since the onset of the COVID-
19 pandemic, awareness of mechanical ventilation has 
increased, with ventilator support becoming an essential com-
ponent of care.3 A 2020 global review of published studies 
showed that 29%–90% of patients with COVID-19 admitted 
to ICUs received invasive mechanical ventilation.4 With 

COVID-19’s disrupting the availability of critical care 
resources,5 including mechanical ventilation, and straining 
hospital finances owing to such factors as cancellation of elec-
tive operations,6 there is an increasing need for strategies to 
optimize use of health care resources.

Mechanical ventilation can be delivered via a variety of 
modes. Constant-pressure ventilation, in the form of pressure-
support ventilation (PSV), is the most common mode of 
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Background: Mechanical ventilation is an important component of patient critical care, but it adds expense to an already high-cost 
setting. This study evaluates the cost-utility of 2 modes of ventilation: proportional-assist ventilation with load-adjustable gain factors 
(PAV+ mode) versus pressure-support ventilation (PSV).

Methods: We adapted a published Markov model to the Canadian hospital-payer perspective with a 1-year time horizon. The patient 
population modelled includes all patients receiving invasive mechanical ventilation who have completed the acute phase of ventila-
tory support and have entered the recovery phase. Clinical and cost inputs were informed by a structured literature review, with the 
comparative effectiveness of PAV+ mode estimated via pragmatic meta-analysis. Primary outcomes of interest were costs, quality-
adjusted life years (QALYs) and the (incremental) cost per QALY for patients receiving mechanical ventilation. Results were reported 
in 2017 Canadian dollars. We conducted probabilistic and scenario analyses to assess model uncertainty.

Results: Over 1 year, PSV had costs of $50 951 and accrued 0.25 QALYs. Use of PAV+ mode was associated with care costs of 
$43 309 and 0.29 QALYs. Compared to PSV, PAV+ mode was considered likely to be cost-effective, having lower costs (–$7642) 
and increased QALYs (+0.04) after 1 year. In cost-effectiveness acceptability analysis, 100% of simulations would be cost-effective at 
a willingness-to-pay threshold of $50 000 per QALY gained.

Interpretation: Use of PAV+ mode is expected to benefit patient care in the intensive care unit (ICU) and be a cost-effective alterna-
tive to PSV in the Canadian setting. Canadian hospital payers may therefore consider how best to optimally deliver mechanical venti-
lation in the ICU as they expand ICU capacity.
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ventilator support after the acute phase of critical illness.2 It 
works by delivering airflow until a target pressure is reached, 
which is then held constant for a duration that is influenced by 
the patient’s respiratory system mechanics. Since the ventila-
tor support is independent of the patient’s work of breathing, 
patient–ventilator interaction with PSV can be suboptimal,7 
and overassistance may promote respiratory muscle weakness 
and asynchrony between patient and ventilator. Patient–
ventilator asynchrony has been associated with increased 
requirements for tracheostomy,8 longer duration of mechani-
cal ventilation9 and higher ICU mortality rates.9,10

To improve patient–ventilator interaction, adaptive modes 
of ventilation were developed whereby the volume or pressure 
of air is modulated within each breath.11 One such adaptive 
mode is proportional-assist ventilation with load-adjustable 
gain factors (PAV+ mode). This allows for measurement and 
control of the level of respiratory muscle work to ensure it 
remains in an optimal range,12–14 and helps improve the cou-
pling of patient and ventilator inspiratory and expiratory 
times.15 Some studies suggest a clinical benefit of PAV+ mode 

over PSV;15–17 however, it is unknown whether increasing the 
use of PAV+ mode in Canadian ICUs would result in 
resource use savings and be cost-effective.

In this study, we synthesized available evidence to explore 
the cost-utility of PAV+ mode versus PSV from the Canadian 
hospital-payer perspective.

Methods

Study design
We performed a cost-utility analysis in line with guidance 
from the International Society for Pharmacoeconomics and 
Outcomes Research on good practice and research ethics.18–21

Setting and population
The setting for this analysis is a Canadian ICU using mechan-
ical ventilation. The model includes all patients receiving 
invasive mechanical ventilation who have completed the acute 
phase of ventilatory support and have entered the recovery 
phase (Figure 1).
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Figure 1: Structure of adapted Markov cohort cost-utility model. The clinical stages of mechanical ventilation (MV) are shown in (A). The model 
begins once the patient has completed the acute phase of ventilatory support and enters the recovery phase. The model is shown in (B). 
Patients receiving MV are either synchronous or asynchronous with the ventilator. Those who are synchronous can become asynchronous and 
vice versa. Patients receiving MV are at risk for ventilator-associated pneumonia (VAP). From MV, patients undergo a spontaneous breathing 
trial (SBT), which, if successful, results in liberation (extubation and removal from invasive MV). After liberation, patients are transferred to 
lower-acuity care (general ward [GW]) and later discharged home. If there is patient compromise after extubation (extubation failure), the endo-
tracheal tube is reinserted and MV reinstituted. At any stage, patients may die. Note: ICU = intensive care unit, PAV+ mode = proportional-
assist ventilation with load-adjustable gain factors, PSV = pressure-support ventilation.



Research

E128	 CMAJ OPEN, 10(1)	

Model structure

Ventilation patient care pathway
Original published model: The published Markov cohort cost-
utility model22 considered patient care from the point of initi-
ating invasive mechanical ventilation. While receiving 
mechanical ventilation, patients could be synchronous or 
asynchronous with the ventilator. Patients who were synchro-
nous had a higher probability of being stable during a sponta-
neous breathing trial and progressing to extubation (removal 
of the ventilator).23 After successful weaning, patients were in 
the ICU without mechanical ventilation before transfer to the 
general ward and subsequent discharge.

The model has daily cycles, such that a patient can move 
between health states (e.g., from asynchronous to synchronous 
mechanical ventilation, or from ICU to general ward) once per 
day. At any stage of the pathway, patient death was possible. 
Adverse events considered during care were tracheostomy, 
ventilator-associated pneumonia, other nosocomial infection 
and reintubation.

Adapted model: We adapted the published Markov cohort 
cost-utility model22 to the Canadian setting. It contains 
8  health states (Figure 1). The adapted model considers 
patients who have been admitted to the ICU and require 
mechanical ventilation in Canada. Where the published 
model contained a single health state for weaning (i.e.,  a 
spontaneous breathing trial and extubation as 1  step),22 for 
the Canadian setting, we included an additional health state 
of liberation after the spontaneous breathing trial to formal-
ize the weaning process and removal of the ventilator. For 
patients who fail the spontaneous breathing trial, mechanical 
ventilation continues until their next spontaneous breathing 
trial, whereas those who pass the spontaneous breathing trial 
are assessed for extubation. During the liberation phase, the 
ventilator is removed, and patients are then monitored 
closely to ascertain whether they can breathe unaided and 
clear secretions sufficiently without the need for an artificial 
airway (endotracheal tube). The outcomes of this state are 
remaining in the liberation phase (being in the ICU without 
mechanical ventilation), returning to mechanical ventilation 
in the ICU or progression to the general ward without 
mechanical ventilation.

Time horizon and discounting
The model base case considers a 1-year time horizon that 
aims to assess the immediate impact of a change in ventilation 
mode. Given that a stay in the ICU is often less than 
1  month, all relevant clinical outcomes are expected to be 
realized within 1 year. Because the model adopts a year-long 
base-case time horizon, discounting was not required in the 
base case. We applied a half-cycle correction to both costs 
and quality of life.

Model outputs
The primary outcomes of interest in this analysis were total 
costs, quality-adjusted life years (QALYs) and the (incremen-
tal) cost per QALY gained, reported as an incremental cost-

effectiveness ratio (ICER), for patients receiving mechanical 
ventilation with either PAV+ mode or PSV. We also esti-
mated disaggregated costs and QALYs. The base-case model 
results reflect a 1-year time horizon.

Model inputs
To inform the model, we conducted a structured literature 
review (Appendix 1, available at www.cmajopen.ca/content/​
10/1/E126/suppl/DC1) to identify data relevant to adapta-
tion of the model to the Canadian setting. Given that we 
identified multiple data sources on the efficacy of PAV+ 
mode versus PSV,15–17,23–26 to best summarize PAV+ mode 
efficacy, we performed a pragmatic meta-analysis to prevent 
introduction of bias from arbitrary selection of a single study 
(Appendix 1).

Cost inputs took a hospital-payer perspective and, where 
available, were identified through the targeted literature 
review. We sourced cost inputs that were not identified from 
the targeted search through reports from Canadian authori-
ties27–30 and the Canadian Institute for Health Information 
Canadian Management Information System Database. All 
costs reflect the most recently available data at the time of 
writing, reported in 2017 Canadian dollars, with costs from 
earlier years inflated to 2017 with the use of the Canadian 
Consumer Price Index for health care.31 We assumed that 
PSV mechanical ventilation is already available in hospital, 
and so our analysis focused on the incremental cost-utility of 
introducing PAV+ mode.

As there appeared to be limited Canadian data on esti-
mates of quality of life specific to patients who have been 
admitted to the ICU and require mechanical ventilation, we 
used the clinical expert opinion of 1 of the authors (K.J.B., 
ICU physician) to select relevant inputs for the quality of life 
utility (measured with the EuroQoL EQ-5D instrument32). 
We selected the utility derived from patients in critical care 
in the United States,22 as this population was well matched 
for age to the Canadian population evaluated in our analysis. 
We applied the utility for mechanical ventilation to health 
states of synchrony, asynchrony, spontaneous breathing trial 
and ventilator-associated pneumonia. A utility for ICU was 
applied to the ICU (no mechanical ventilation) health state, 
the general ward health state had a hospital utility, and 
patients in the home setting had a postdischarge utility 
applied for the first year. In analyses with a longer time hori-
zon (see scenario analyses), the baseline utility with an annual 
decrement was applied in all subsequent years.

Additional inputs for mechanical ventilation that can affect 
costs and patient quality of life that we considered were the 
initial 1-time cost of PAV+ mode (included in the model as a 
cost per patient per day), duration of mechanical ventilation, 
time in the ICU, time in hospital, death in the ICU, death in 
hospital, occurrence of adverse events and death after dis-
charge. We included in the model only the costs of specific 
adverse events; disutilities associated with these adverse events 
were excluded. This assumption was considered conservative 
because identified clinical data (Table 1) showed that PAV+ 
was associated with a lower rate of tracheostomy events and 
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shorter duration of mechanical ventilation (resulting in a 
lower incidence of ventilator-associated pneumonia) than 
PSV. As such, adding a further disutility to adverse events that 
occur while patients are receiving mechanical ventilation 
would be expected to benefit only PAV+ and could potentially 
distort the findings of the analysis. Furthermore, receiving 
mechanical ventilation is already associated with low quality of 

life, possibly because adverse events common to mechanical 
ventilation are already considered in the estimate. We there-
fore considered that the quality of life disutility of adverse 
events while receiving mechanical ventilation was already 
reflected in the model.

The full list of model parameters is provided in Table 1. 
Parameters for duration of mechanical ventilation, time in the 

Table 1 (part 1 of 2): Parameters of adapted Markov cohort cost-utility model*

Parameter Base case Distribution†

Patient cohort demographic characteristics

Age, mean ± SD, yr 67 ± 1215 Normal

Female sex (SE), % 39.7 (0.13)33 β

Patient outcomes in acute phase of mechanical ventilation‡

Patients with clusters of ineffective efforts, mean (estimated 
95% CI), % 

38 (29.1 to 47.3)33 β

Patient asynchrony on entering model‡

Asynchrony > 10% at initiation of mechanical ventilation if 
clusters of ineffective efforts, % ± SD

8.5 ± 1.833 β

Asynchrony > 10% at initiation of mechanical ventilation if no 
clusters of ineffective efforts, % ± SD

1.5 ± 1.033 β

Reference efficacy standard of care (PSV), mean (95% CI)

Duration of mechanical ventilation, d 8.1 (4.5 to 28.3)34 Normal

Time in intensive care unit, d 12.6 (7.4 to 33.3)34§ Normal

Time in hospital, d 43.5 (18.6 to 68.4)34§ Normal

Spontaneous breathing trial success, % 77.9 (73.8 to 82.1)23 β

Liberation success, % (95% CI) 85.3 (85.1 to 85.6)35 β

Adverse event rates, mean (95% CI), %

Tracheostomy 26.0 (8.1 to 44.0)15 β

Ventilator-associated pneumonia 8.8 (5.7 to 11.9)34 β

Nosocomial infection 0.85 (0.66 to 1.04)36 β

Intensive care unit death 25.4 (20.7 to 30.1)34 β

Hospital death 30.3 (25.3 to 35.3)34 β

Postdischarge death

    Year 1 12.5 (12.4 to 12.6)37 β

    Year 2 19.3 (19.2 to 19.5)37¶ β

    Year 3 27.5 (27.3 to 27.7)37¶ β

    Year 4 onward Life tables¶ β

Comparative effectiveness, PAV+ mode v. PSV**

Total duration of mechanical ventilation, mean (95% CI), d –1.53 (–2.24 to –0.83) Normal

Intensive care unit length of stay, mean (95% CI), d –1.54 (–2.19 to –0.90) Normal

Hospital length of stay, mean (95% CI), d –1.83 (–2.51 to –1.16) Normal

Successful weaning/liberation, OR (95% CI) 1.49 (0.59 to 3.79) Log-normal

Intensive care unit death, OR (95% CI) 0.70 (0.41 to 1.20) Log-normal

Hospital death, OR (95% CI) 0.70 (0.40 to 1.22) Log-normal

Tracheostomy, OR (95% CI) 0.76 (0.44 to 1.31) Log-normal

Extubation failure/reintubation, OR (95% CI) 0.52 (0.25 to 1.08) Log-normal

Asynchrony index ≥ 10, OR (95% CI) 0.13 (0.07 to 0.23) Log-normal
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ICU and time in hospital are not independent: for example, 
longer duration of mechanical ventilation leads to longer time 
in the ICU, and the average time in the ICU cannot be longer 
than the average time in hospital. For this reason, these inputs 
are connected via logic flows that prevent, for example, 
mechanical ventilation duration being longer than time in the 
ICU.

The input parameters used to calculate the transition prob-
abilities between health states and the transition matrix for the 
PSV group can be found in Appendix 1, Table S3. This tran-
sition matrix is normalized for competing risk, such that all 
rows sum to 1. As data to inform the transition matrix come 
from multiple studies, the sum of all possible transitions may 
(initially) not be equal to 1. To account for this, a normalized 

Table 1 (part 2 of 2): Parameters of adapted Markov cohort cost-utility model*

Parameter Base case Distribution†

Costs††

Intensive care unit, cost per day, mean (range of reported 
means), $

2765 (2354–3690)38 γ

General ward, cost per day, mean (range of reported means), $ 1019 (717–1400)38 γ
Mechanical ventilation initiation, cost per event, mean  
(95% CI), $

139 (125 to 153)39 γ

Mechanical ventilation maintenance, cost per day, mean 
(95% CI), $

851 (766 to 936)39 γ

Tracheostomy, cost per event, mean (95% CI), $ 4193 (3908 to 4477)40 γ
Ventilator-associated pneumonia, cost per day, mean  
(95% CI), $

58 (30 to 73)41,42 γ

Other nosocomial infection, cost per event, mean  
(± 10%), $

870 (783 to 956)43 γ

PSV, purchase cost, $ 0‡‡ γ
PAV+ mode, 1-time purchase cost, $ 27 00022§§ γ
After discharge, annual cost, mean (95% CI), $

    Year 1−2 13 707 (6241 to 37 631)44¶ γ
    Year 3 onward 10 032 (5835 to 17 169)44¶ γ
Ventilator-associated pneumonia, additional length of stay, 
median (range), d

9.5 (8.8–10.1)27 Normal

Health state utility, mean (95% CI)

Baseline 0.776 (0.677 to 0.899)22 Normal

Mechanical ventilation –0.390 (–0.590 to 0.090)22 Normal

Intensive care unit 0.402 (0.362 to 0.442)22 Normal

Hospital 0.520 (0.450 to 0.590)22 Normal

After discharge to 1 yr 0.550 (0.480 to 0.610)22 Normal

Adverse event disutility

Tracheostomy 0¶¶ Normal

Ventilator-associated pneumonia 0*** Normal

Extubation failure 0¶¶ Normal

Note: CI = confidence interval, OR = odds ratio, PAV+ mode = proportional-assist ventilation with load-adjustable gain factors, PSV = 
pressure-support ventilation, SD = standard deviation, SE = standard error.
*Canadian data in italics.
†We made the choice of distribution to reflect the uncertainty of each parameter from the perspective of population-level uncertainty as 
opposed to uncertainty at the individual patient level.
‡See Figure 1.
§In the analysis by Sinuff and colleagues,34 no upper bound was presented owing to the patient’s remaining in hospital. For our 
calculations, we assumed that the upper bound is given by: mean + (mean – lower bound).
¶Used for scenario analyses only.
**Seven clinical studies comparing PAV+ mode to PSV15–17,23–26 were identified by K.J.B. and in systematic reviews.45,46 As these 
systematic reviews did not report on all required outcomes, and no single study presented robust clinical data on the required model 
inputs, we determined the comparative efficacy of PAV+ mode versus PSV by means of a pragmatic meta-analysis (Appendix 1).
††2017 Canadian dollars.
‡‡Conservative assumption.
§§Assumed to be $24.64 per day of use, assuming a 5-year life cycle and that the ventilator is in use on 60% of days. Probabilistic model 
inputs (used for the probabilistic sensitivity analysis) were based on input variance, calculated from reported CIs.
¶¶Assumed none in addition to mechanical ventilation.
***Additional duration of mechanical ventilation is assumed to cover the disutility.
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transition matrix is created whereby each transition probabil-
ity from health state X is divided by the sum of all transition 
probabilities from health state X.

Statistical analysis
We assessed the robustness of the base-case results through 
probabilistic sensitivity analysis, whereby the model is run 
repeatedly (2000 iterations) and, for each iteration, each input 
parameter is sampled randomly from a probabilistic distribu-
tion around the base case (default) value (the full list of distri-
butions used is provided in Table 1). The distribution is 
defined by the uncertainty (standard deviation, interquartile 
range [IQR] or 95% confidence interval) provided in the 
source publications. The probabilistic sensitivity analysis 
explores uncertainty of outcomes at the population or cohort 
level as opposed to potential variation expected among indi-
vidual patients. The results of these analyses are presented 
as  median and 95% credible interval (CrI) and as a cost-
effectiveness scatter plot. The willingness-to-pay threshold 
was set at $50 000 per QALY gained.

Scenario analyses
We conducted scenario analyses extensively to understand 
whether certain model parameters were driving the results and 
to explore how alternative modelling assumptions would affect 
model results. Specifically, we evaluated the impact of using 
alternative patient cohort characteristics through both a 
younger patient population and a patient population with a 
higher proportion of females. We also explored the impact of 
increasing the model time horizon to cover the assumed life
span of a patient and including public-payer costs to provide a 
cost-effectiveness estimate relevant to health authorities and 
longer-term planning. In addition, where the targeted literature 
search identified alternative referenceable model inputs, we also 
explored the impact of using these inputs (comparative effec-
tiveness estimates, asynchrony between PAV+ mode and PSV, 
PSV purchase cost, per-day hospital costs and utility values).

The meta-analysis showed that PAV+ mode was associated 
with significantly shorter duration of mechanical ventilation 
and time in hospital, but differences in most adverse events 
did not reach statistical significance (Table 1). Therefore, we 
evaluated the impact of running the model with only signifi-
cant differences included.

Model validation
We assessed the face validity of the model using a variety of 
methods: by comparing inputs to model outputs on the 
assumption that these should be closely aligned; by looking at 
convergence of the model during sensitivity analysis and run-
ning tests for outliers; and through comparison of model esti-
mates to published literature not used for a related input in 
our base case.

Ethics approval
The study is an economic model informed by aggregate data 
from published literature and, as such, did not require ethics 
approval.

Results

Base-case results
In the base case, PAV+ mode was dominant compared to 
PSV. Over 1 year, the cost of care per patient was $7642 less 
with PAV+ mode ($43 309) than with PSV ($50 951). Com-
pared to PSV, PAV+ mode resulted in 0.04 more QALYs over 
the year (0.25 v. 0.29). Of the cost saving, $717 was accrued 
over the first 6 days (receiving mechanical ventilation), $2541 
over the first 12 days (in the ICU) and $7159 over the first 
45 days (in hospital). Differences in QALYs were negligible in 
the first 6 and 12 days, and reached 0.005 QALYs by day 45.

Probabilistic results
Based on the results of cost and QALY convergence tests 
(Appendix 1), we deemed a probabilistic sensitivity analysis 
with 2000  iterations appropriate given that total costs and 
QALYs converged toward their probabilistic values. The 
results of the probabilistic sensitivity analysis suggest that 
there is a 99.2% chance that PAV+ mode would be cost-
saving in the population after 1 year (Figure 2), with a median 
probabilistic cost saving of $7147 (95% CrI $2072 to 
$10 719). The results suggest that there is a 100% chance of 
accumulating more QALYs with PAV+ than with PSV; use of 
PAV+ mode would result in 0.033 extra QALYs (95% CrI 
0.014 to 0.055).

Given a willingness-to-pay threshold of $50 000 per QALY 
gained, the probabilistic sensitivity analysis results indicate 
that PAV+ mode was cost-effective in 99.2% of simulations. 
Varying the willingness-to-pay threshold influenced whether 
the use of PAV+ mode versus PSV mode would be considered 
cost-effective (Figure 3). We explored the impact of the spe-
cific seeded random number on this outcome and found that it 
had very limited impact on results (Appendix 1, Figure S5).

Scenario analyses
When we ran the model with only significant differences 
included from our meta-analysis (i.e., that PAV+ mode was 
associated with significantly shorter duration of mechanical 
ventilation and time in hospital [Table 1]), the cost and 
QALY benefit of PAV+ mode were reduced, but overall out-
comes did not change (Table 2).

A younger patient population or one with a higher propor-
tion of females had little impact on absolute or relative base-
case results, but extending the model time horizon to 20 years 
(to cover the assumed lifespan of patients and provide a public-
payer perspective) was shown to lead to an ICER of $6624 per 
QALY gained (+$6110 and +0.92 QALYs) (Table 2).

Including costs per day for ICU and general wards from 
the Canadian Institute for Health Information Management 
Information System Database rather than from published lit-
erature increased the saving with PAV+ mode at 1  year by 
23.1%, although when we considered only direct costs, the 
saving decreased by 23.7% (Table 2). The most notable 
change to the base case came from use of Canadian data 
instead of meta-analysis data: in that scenario, PAV+ mode was 
cost saving at 1 year (–$8080), with quality of life being equal.
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Finally, we conducted scenario analyses using alternative 
referenceable inputs. Changing neither the odds ratio for a 
successful spontaneous breathing trial nor the utility value 
assumed for mechanical ventilation led to substantial changes 
in model outcomes.

Model validation
Face validity checks of our model indicated that the model 
was performing as expected, with an overall mortality rate of 
29% at 68  days, compared to the input value of 30.3% at 
68 days. Furthermore, with only 0.051% of the population 
alive after 20 years in the model, this was taken to represent 
the lifetime time horizon from the public-payer perspective.

Interpretation

Our health economic model showed that, relative to PSV, 
PAV+ mode reduced costs to payers in year 1 but increased 
costs over a longer time horizon, with a cost per QALY 
gained of $6624 over a 20-year time horizon. These results 
suggest that use of PAV+ mode has a high likelihood to be 
considered cost-effective in Canada.48

The observed increased costs with PAV+ mode align with 
previous analyses in the US and the United Kingdom, where 
higher patient survival with PAV+ mode resulted in higher 

costs of care (the survival paradox).22 When we used efficacy 
data from a pilot study specific to Canada15 as inputs for PAV+ 
mode, PAV+ mode was cost-saving but did not increase the 
QALYs accrued compared to PSV. Cost savings were driven 
mainly by shorter time in the ICU (–5 d), but a slightly higher 
ICU mortality rate (15% with PAV+ mode v. 13% with PSV) 
likely accounted for negation of the base-case QALY gains in 
this scenario analysis. Key drivers of cost in our model were 
duration of mechanical ventilation and time in the ICU.

The reasons why PAV+ mode results in shorter duration of 
mechanical ventilation and time in the ICU in this model can 
only be surmised and may be multifactorial. For example, the 
algorithms underlying PAV+ mode may help maintain the 
patient’s respiratory muscles, allowing for earlier success in 
spontaneous breathing trials or earlier readiness for liberation. 
Alternatively, or in addition, reduced incidence of tracheos-
tomy may play a role, as time to tracheostomy has been asso-
ciated with duration of mechanical ventilation and time in the 
ICU.49 Results of a large multicentre clinical trial (Propor-
tional Assist Ventilation for Minimizing the Duration of 
Mechanical Ventilation [PROMIZING], ClinicalTrials.gov 
Identifier: NCT02447692) are pending and may help to 
answer these questions definitively.

To our knowledge, there are 3 published meta-analyses of 
PAV+ mode.45–47 Like us, the authors of 2 of these studies 

Table 2: Scenario analyses*†

Scenario Cost difference, $
QALY 

difference ICER

Base case (default values) –7643 0.04 Dominant

Only significant differences in comparative 
effectiveness included

–7423 0.02 Dominant

Long-term time horizon (20 yr, public-payer 
perspective)‡

6110 0.92 $6624

Younger patient population (50 yr) 7643 0.04 Dominant

Patient population 70% female –7643 0.04 Dominant

No difference in asynchrony between PAV+ mode 
and PSV

–6658 0.03 Dominant

PSV also has purchase cost ($13 500) –7761 0.04 Dominant

Per-day total hospital costs: intensive care unit 
$3592, general ward $113528

–9408 0.04 Dominant

Per-day direct hospital costs: intensive care unit 
$1732.90, general ward $499.7029

–5832 0.04 Dominant

Canadian efficacy data only15 –8080 0.00 Cost saving

Alternative RR for successful spontaneous 
breathing trial, OR 1.1647

–7123 0.03 Dominant

Alternative utility value assumed for mechanical 
ventilation, 0.2922

–7643 0.03 Dominant

Note: ICER = incremental cost-effectiveness ratio, OR = odds ratio, PAV+ mode = proportional-assist ventilation with load-adjustable gain 
factors, PSV = pressure-support ventilation, QALY = quality-adjusted life year, RR = relative risk.
*Results are presented as PAV+ mode versus standard-care PSV, with difference in costs over difference in QALYs. The associated ICER 
is shown; in cases in which costs decrease and QALYs increase, the ICER is taken as dominant.
†Costs in 2017 Canadian dollars.
‡Costs and quality of life utilities (measured with the EuroQoL EQ-5D instrument32) incurred after the first year are discounted at 1.5% 
per annum, in line with CAFTH guidelines.30 Annual utility decrements are also applied in the model after the first year.
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converted data reported as median and IQR to mean and 
standard deviation for analysis using the methods of Wan and 
colleagues50 (used by Kataoka and colleagues46) or Hozo and 
colleagues51 (used by Tirupakuzhi Vijayaraghavan and col-
leagues45 [Dr. Bharath Kumar Tirupakuzhi Vijayaraghavan, 
University of Toronto: personal communication, 2021]). Our 
results are more aligned to those of Kataoka and colleagues46 
and Ou-Yang and colleagues,47 which appears to confirm the 
face validity of the pragmatic meta-analysis results that we 
conducted. (Our pragmatic meta-analysis, aimed at providing 
an objective assessment of the clinical effectiveness of PAV+ 
mode versus PSV for input into the cost-utility model, 
showed significant reductions in patient–ventilator asyn-
chrony and duration of mechanical ventilation, time in the 
ICU and time in hospital.) Potential reasons for this may be 
the consensus use of the methodology presented by Wan and 
colleagues50 or the greater consistency in studies included in 
the meta-analyses (i.e., the number of studies included in both 
our meta-analysis and that of Kataoka and colleagues46 was 
greater than the number included in both our meta-analysis 
and that of Tirupakuzhi Vijayaraghavan and colleagues45).

Cost of care estimates in our model match up well to other 
published estimates. For example, looking at patients who 
received mechanical ventilation for less than 21 days, Hill and 
colleagues44 found that the median index admission cost was 
$32 994 (IQR $21 308–$54 736) (2013 Canadian dollars). 
Estimates from our model of $43 309 (PAV+ mode) to 
$50 951 (PSV) (2017 Canadian dollars) are within this IQR. 
Face validity checks of our model also indicated that the 
model was performing as expected. Furthermore, with only 
0.051% of the population alive after 20 years in the model, 
this was taken to represent the lifetime time horizon from the 
public-payer perspective.

Limitations
As we did not conduct a systematic review, there remains the 
possibility that data relevant to the analysis were not captured. 
All data identified in previous meta-analyses45,46 were included, 
as well as data from a prospective observational case–control 
study.25 Cost data used in this analysis were not all from the 
same source, and their respective source publications often 
used different costing methodologies. In addition, costs were 
not all from the same year, some costs required adjustment via 
national health care inflation rates, and data for more recent 
years (2020 onward) were not available owing to delays in 
reporting on annual data and inflation rates. Furthermore, 
health state utilities and costs did not all come specifically 
from Canadian sources. Although we made efforts to source 
appropriate and comparable data, the lack of Canada-specific 
data in some areas is currently a limitation.

There is the potential for structural uncertainty in the 
model. This is difficult to assess and quantify, and our results 
should be treated as estimates and interpreted with respect to 
their uncertainty and the reader’s clinical judgment. Sensitiv-
ity and scenario analyses across a range of clinical parameters 
suggest that the results are robust, but confirmation in a real-
world analysis in patients is recommended.

Conclusion
Based on available evidence to date, use of PAV+ mode is 
likely to be cost-effective in the Canadian setting, from the 
perspective of both hospital payers and public payers. Costs of 
care in the year of admission to the ICU are expected to be 
reduced. Over a 20-year time period, public health care costs 
would increase owing to longer patient life expectancy.
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