
lable at ScienceDirect

Critical Care and Resuscitation 25 (2023) 207e215
Contents lists avai
Critical Care and Resuscitation

journal homepage: www.elsevier .com/locate/ccr j
Original Article
Protocol and statistical analysis plan for the identification and
treatment of hypoxemic respiratory failure and acute respiratory
distress syndrome with protection, paralysis, and proning: A type-1
hybrid stepped-wedge cluster randomised effectiveness-
implementation study

Ken Kuljit S. Parhar, MD, MSc a, b, c, *, Andrea Soo, PhD a, Gwen Knight, BA a, Kirsten Fiest,
PhD a, b, d, Daniel J. Niven, MDMSc PhD a, b, d, Gordon Rubenfeld, MD, MSc g, Damon Scales,
MD, PhD g, Henry T. Stelfox, MD, PhD a, b, d, Danny J. Zuege, MD MSc a, e, Sean Bagshaw,
MD, MSc e, f

a Department of Critical Care Medicine, University of Calgary & Alberta Health Services, Calgary, Alberta, Canada; b O'Brien Institute for Public Health,
University of Calgary, Calgary, Alberta, Canada; c Libin Cardiovascular Institute, University of Calgary, Calgary, Alberta, Canada; d Department of
Community Health Sciences, University of Calgary, Calgary, Alberta, Canada; e Critical Care Strategic Clinical Network, Alberta Health Services, Alberta,
Canada; f Department of Critical Care Medicine, Faculty of Medicine and Dentistry, University of Alberta and Alberta Health Services, Edmonton, Canada;
g Sunnybrook Health Sciences Centre, University of Toronto, Toronto Ontario, Canada
a r t i c l e i n f o r m a t i o n

Article history:
Received 24 October 2023
Accepted 30 October 2023

Keywords:
Acute respiratory distress syndrome
Hypoxemic respiratory failure
Mechanical ventilation
Cluster randomised stepped wedge trial
Statistical analysis plan
Abbreviations: ARDS, Acute Respiratory Distress S
Oxygen; HRF, Hypoxemic Respiratory Failure; ICU, Int
tective ventilation; MV, Mechanically ventilated; PaO2
RTs, Respiratory Therapists; SAP, Statistical analysis pl
venous Extracorporeal Membrane Oxygenation.
* Corresponding author at: Department of Critical C

Hospital Drive NW, Calgary, Alberta, T2N 5A1, Canada
E-mail address: ken.parhar@albertahealthservices.

https://doi.org/10.1016/j.ccrj.2023.10.008
1441-2772/© 2023 The Authors. Published by Elsevier
the CC BY-NC-ND license (http://creativecommons.or
a b s t r a c t

Objective: To describe a study protocol and statistical analysis plan (SAP) for the identification and
treatment of hypoxemic respiratory failure (HRF) and acute respiratory distress syndrome (ARDS) with
protection, paralysis, and proning (TheraPPP) study prior to completion of recruitment, electronic data
retrieval, and analysis of any data.
Design: TheraPPP is a stepped-wedge cluster randomised study evaluating a care pathway for HRF and
ARDS patients. This is a type-1 hybrid effectiveness-implementation study design evaluating both
intervention effectiveness and implementation; however primarily powered for the effectiveness
outcome.
Setting: Seventeen adult intensive care units (ICUs) across Alberta, Canada.
Participants: We estimate a sample size of 18816 mechanically ventilated patients, with 11424 patients
preimplementation and 7392 patients postimplementation. We estimate 2688 sustained ARDS patients
within our study cohort.
Intervention: An evidence-based, stakeholder-informed, multidisciplinary care pathway called Venting
Wisely that standardises diagnosis and treatment of HRF and ARDS patients.
Main outcome measures: The primary outcome is 28-day ventilator-free days (VFDs). The primary
analysis will compare the mean 28-day VFDs preimplementation and postimplementation using a
mixed-effects linear regression model. Prespecified subgroups include sex, age, HRF, ARDS, COVID-19,
cardiac surgery, body mass index, height, illness acuity, and ICU volume.
Results: This protocol and SAP are reported using the Standard Protocol Items: Recommendations for
Interventional Trials guidance and the Guidelines for the Content of Statistical Analysis Plans in Clinical
Trials. The study received ethics approval and was registered (ClinicalTrials.gov-NCT04744298) prior to
patient enrolment.
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Conclusions: TheraPPP will evaluate the effectiveness and implementation of an HRF and ARDS care
pathway.

© 2023 The Authors. Published by Elsevier B.V. on behalf of College of Intensive Care Medicine of
Australia and New Zealand. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hypoxemic respiratory failure (HRF) and acute respiratory
distress syndrome (ARDS) are common among intensive care unit
(ICU) patients and associated with considerable morbidity, mor-
tality, and health care resource utilisation.1e7 Potentially life-saving
therapies for HRF and ARDS such as lung protective ventilation
(LPV), neuromuscular blockade (paralysis), and prone positioning
are available but are not consistently provided.1,2,8e13 Guidelines
endorsing these therapies exist; however, implementation is
extremely inconsistent due to challenges with ARDS diagnosis and
ineffective knowledge translation.1,11,14e21 Moreover, there is
frequent use of unproven, invasive, or resource-intensive therapies
(e.g. extracorporeal membrane oxygenation; inhaled pulmonary
vasodilators) rather than proven and less resource-intensive ther-
apies (e.g. prone positioning).1,2,22

The Institute of Medicine recommends standardised care pro-
cesses to improve the reliability and safety of care.23 A recent sys-
tematic review with over 5000 patients demonstrated that the
pooled relative risk of mortality among HRF and ARDS patients was
reducedby23%whenusing standardisedpathways.24However, these
studieswere limited by highmethodological bias, omitting evidence-
informed treatments, or poor implementationfidelity. To address this
gap, we rigorously developed an evidence-based, stakeholder-
informed, multidisciplinary standardised care pathway called Vent-
ing Wisely using a modified Delphi consensus process25 and
evidence-based guidelines.14,15,26 The pathway standardises the
diagnosis andmanagement of patients with HRF and ARDS, with the
goal of reducing practice variation and improving adherence to
evidence-informed therapy. Over 700 clinicians from diverse ICUs
were surveyed to validate the pathway and identify barriers and fa-
cilitators topathwayadherenceusing implementation science.27e29A
corresponding implementation strategy was specifically designed to
target these barriers. A single-centre before-and-after pilot study
demonstrated the feasibility and acceptability of the pathway.30

The identificationand treatmentofHRFandARDSwithprotection,
paralysis, and proning (TheraPPP) study is a type-1 hybrid stepped-
wedge cluster randomised effectiveness-implementation study
involving 17 adult ICUs. Here we describe the study protocol and
provide a detailed pre-specified statistical analysis plan (SAP) for the
TheraPPP study prior to completion of recruitment, electronic data
retrieval, and data analysis.

2. Objectives

The specific objectives of this study are to evaluate the clinical
effectiveness and implementation of the pathway using a pragmatic
registry-based cluster randomised stepped-wedge type 1 imple-
mentation study and a process evaluation. We hypothesise that the
pathway will increase adherence to life-saving therapies, improve
patient outcomes, and save costs within the health care system.

3. Methods

3.1. Study reporting and ethics

This protocol (see Appendix S1 for the full protocol, version 2.5,
February 14, 2023) and SAP (See Appendix S2 for the full SAP,
version 1.0, February 22, 2022)31 are reported in accordance with
Guidelines for the Content of Statistical Analysis Plans in Clinical
Trials32 (for checklist see Appendix S3) as well as in accordance
with the Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) guidance (for checklist see Appendix S4).33

This manuscript is consistent with other published protocols and
SAPs.34,35 Study methods will be conducted and reported in
accordance with standards for reporting stepped wedge cluster
randomised trials (CONSORT, SW-CRT extension),36 and standards
for reporting implementation studies (StaRI)37 and their replication
(TIDieR).38 Qualitative work will be reported using the Standards of
Reporting of Quality Research guidelines (SRQR) and the consoli-
dated criteria for reporting qualitative research (COREQ).39,40

The study received ethics approval from the University of Cal-
gary (20e0646) and the University of Alberta (pro00112232). The
study protocol is registered on clinicaltrials.gov NCT04744298. The
findings of this study will be disseminated through international
conference presentations as well as publication in a peer-reviewed
journal. The authorship of the final publication will be attributed
using international standards.41 The use of professional writers is
not planned. Deidentified data will be made available to re-
searchers upon reasonable request. The proposed use of data must
be approved by the study steering group; a signed and executed
data access agreement between institutions will be needed; and
local ethics approval will be required.
3.2. Study design

The study is designed as an effectiveness-implementation
hybrid study design (type 1).42 This study design evaluates both
clinical effectiveness and implementation of the pathway, but is
primarily powered by the primary clinical effectiveness outcome.
Implementation will occur via a pragmatic registry-based stepped
wedge cluster randomised implementation study.
3.3. Population

3.3.1. Inclusion criteria
All patients admitted to the adult ICU will be screened for

eligibility for the pathway. All mechanically ventilated patients
admitted to the ICU will be included in the study and receive the
pathway intervention.
3.3.2. Exclusion criteria
There are no exclusion criteria for entry into the pathway;

however, not all steps will be applicable to all patients.
For the process evaluation and assessment of acceptability, the

target population includes clinicians (physicians, respiratory ther-
apists (RTs), registered nurses, and nurse practitioners) who
participated in the intervention.
3.4. tudy setting

The study will be conducted at 17 adult ICUs in Alberta, Canada.
These 17 ICUs comprise amix of tertiary, community, and rural ICUs
(Appendix S1, Protocol Attachment 2). One ICU (Calgary) served as

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://clinicaltrials.gov


Fig. 1. Stepped-wedge cluster randomisation allocation schedule.
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the setting for a pilot study (completed in September 2020). The
remaining 16 ICUs will participate in the full study.

3.5. Randomisation

The unit of randomisation will be a cluster. Two ICUs will
comprise each cluster. Each ICUwill be randomly assigned to one of
the 8 clusters to initiate the intervention at different times ac-
cording to the stepped wedge allocation schedule (See Fig. 1). Sites
will be randomised using a computer-generated random number
sequence by a blinded investigator. Details of the randomisation
method are held securely in the statistics master file. Two sites will
be selected at any time. ICU sites will be deferred from a random-
isation step if critical unreadiness events are identified, which
would include Covid-19-related capacity strain, transition to a new
electronic health record, or undergoing provincial ICU accredita-
tion. Sites will be randomised and notified four to eight weeks prior
to the initiation schedule to prevent contamination.

3.6. Intervention

The intervention is a comprehensive, evidence-based, stake-
holder-informed pathway for the diagnosis and management of
HRF called Venting Wisely. Although the pathway contains 46 el-
ements, it focuses on five key steps (Fig. 2). See Appendix S1,
Fig. 2. Five key steps of the
Protocol section 6.8 for details on the intervention, and Attach-
ments 1 and 3 for the full 46-element VentingWisely pathway. The
five steps include:

Step 1 All mechanically ventilated patients will have their height
measured and documented.

Step 2 All mechanically ventilated patients will be screened for
HRF daily.

Step 3 For patients with HRF, lung protective ventilation (LPV) will
be initiated (limit tidal volumes to 6e8 mL/kg predicted
body weight (PBW), plateau pressure to �30 cm H2O, and
driving pressure �18).

Step 4 Paralysis. For patients with worsening HRF, neuromuscular
blockade will be considered when the PF ratio is � 150.

Step 5 Patients with a worsening PF ratio despite steps 1e4 will be
considered for prone positioning if the PF ratio is �150 and
the FiO2 is � 0.60.

3.7. Implementation of the intervention

Implementation will include eight key strategies including edu-
cation, decision-support, reminders, audits and feedback, training,
champions, implementation support, and empowerment (see
Appendix S1, Protocol section 6.9, and Attachment 4 for a detailed
strategy). Implementation strategies were informed by an
Venting Wisely pathway.



Fig. 3. Study Timeline. * ¼ estimated date.
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assessment of contextual barriers and facilitators, using the Theo-
retical Domains Framework and the Behaviour Change Wheel.27e29

Implementation will be delivered by a multidisciplinary group of
pathway champions (nurses, RTs, and physicians). A readiness
assessment will be conducted prior to implementation at each site.
Tailoring of the intervention and implementation will be conducted
during the 1-month implementation transition phase for each ICU
based upon individual ICU characteristics (patient volumes, staffing),
readiness, and local contextual factors (e.g. RT availability at night).

3.8. Study duration

See Fig. 3 for details of the study timeline. There will be a 10-
month baseline data collection period at the beginning of the
study common to all sites. The intervention will be implemented
in one cluster (two ICUs) every twomonths. The first month of each
step will be a transition period from usual care, during which data
will not be analysed. Once implemented, the cluster will continue
Table 1
Outcomes.

Outcome Population

Clinical effectiveness
28-day ventilator free days (VFDs) Primary
28-day hospital, ICU, and hospital survival Secondary
Ventilator duration Secondary
Driving pressure Secondary
Mechanical power Secondary
ICU and hospital LOS Secondary
Utilisation of VV-ECMO Secondary
Implementation e Fidelity
Composite Fidelity Score (CFS) Primary
Height ever documented Secondary
Tidal volume � 8 ml/kg predicted body weight Secondary
Plateau pressure measured Secondary
Receiving neuromuscular blockade Secondary
Receiving prone ventilation Secondary
Implementation e Acceptability
Composite Acceptability Score Secondary
Intervention coherencea Secondary
Opportunity costsa Secondary
Perceived effectivenessa Secondary
Self-efficacya Secondary
Affective attitudea Secondary
Burdena Secondary
Ethicalitya Secondary

CFS ¼ composite fidelity score. ICU ¼ intensive care unit. LOS ¼ length of stay.
Pts ¼ patients. PEEP ¼ positive end expiratory pressure. TFA ¼ theoretical frame-
work of acceptability. VV ECMO ¼ veno venous extracorporeal membrane
oxygenation. VFDs ¼ ventilator free days.
See Appendix S1, Protocol Attachment 8 and Appendix S2, SAP Supplementary
Table 3 for Outcome definitions, details on eligible patients, calculations, time-
points and reporting of results, and references.

a Denotes that this outcome is part of the Composite Acceptability Score.
to receive the intervention for the remainder of the study. The total
study duration will be 29 months.

3.9. Outcome measures

This study is a hybrid effectiveness and implementation study
type 1, and therefore it is powered by the primary clinical effec-
tiveness outcome. Pathway implementation will be assessed
through a process evaluation as part of the hybrid trial using multi-
methods to quantitatively evaluate the fidelity of the intervention
and qualitatively assess acceptability among clinicians. The process
evaluation will provide vital information on why the implementa-
tion may or may not have worked as anticipated (type III error),
identify opportunities for iteratively improving pathway fidelity,
and provide insights for future sustainability and scalability.

The primary clinical effectiveness outcome is 28-day ventilator-
free days (VFDs) (in-hospital), a composite outcome of survival and
days spent not ventilated over the first 28 days. Secondary clinical
effectiveness outcomes are listed in Table 1.

The primary implementation outcome is a composite fidelity
score (CFS) that awards points for up to five key fidelity indicators
that are met and is reported as a percentage. Secondary imple-
mentation outcomes for fidelity and acceptability among clinicians
are listed in Table 1. The composite fidelity score measures are
routinely charted within the electronic health record.

To evaluate acceptability outcomes, invitations to participate in
acceptability survey and focus groups will be sent to clinicians
(nurses, physicians, andRTs) two to sixmonths postimplementation
in each cluster. The secondary acceptability outcomes assess clini-
cian perceptions about the pathway and are based on the seven
component constructs of the theoretical framework of acceptability
(TFA) (see Table 1).43 Expanded details about the survey are in
Appendix S1 (Protocol section 7.1.2, 7.2.2, 8.2.1, and Attachment 9&
12). The assessment of acceptability through focus groups will be
reported in a separate, detailed study protocol.

4. Sample size

The study is a type 1 hybrid effectiveness-implementation
design and therefore is primarily powered by the effectiveness
outcome.42 We do, however, also provide sample size calculations
for the implementation outcomes to estimate the effect sizes and
precision of the estimates that can be detected.

4.1. Clinical effectiveness sample size

The design of the cluster randomised stepped wedge TheraPPP
trial incorporated several considerations. The study balances the
detection of a meaningful clinical difference in the primary



Table 2
Ventilator free days (primary clinical effectiveness outcome) and composite fidelity score (primary implementation outcome) detectable differences.

Ventilator free days (VFDs) (Primary Clinical Effectiveness Outcome)

Cohort Population Baseline mean VFDs SD Total # of measurements ICC Power (%) Detectable Difference in mean VFDs

All MV patients Primary 21 10 18816 0.15 90 0.9
Sustained HRF patients Subgroup 15 11 4928 0.02 90 2.1
ARDS definition 1 patients Subgroup 15 11 4032 0.02 90 2.3
ARDS definition 2 patients Subgroup 15 10 1792 0.02 90 3.0
Sustained ARDS (Calgary) Subgroup 11 10 2688 0.01 90 2.4

Composite Fidelity Score (CFS) (Primary Implementation Outcome)

Cohort Population Baseline mean CFS (%) SD Total # of measurements ICC Power (%) Detectable Difference in mean CFS (%)

All MV patients Primary 20 32 18816 0.31 90 2.6
Sustained HRF patients Subgroup 35 29 4928 0.32 90 4.6
ARDS definition 1 patients Subgroup 36 30 4032 0.33 90 5.2
ARDS definition 2 patients Subgroup 38 30 1792 0.38 90 7.4
Sustained ARDS (Calgary) Subgroup 56 29 2688 0.02 90 7.1

ARDS ¼ acute respiratory distress syndrome. CFS ¼ composite fidelity score. ICC ¼ intraclass correlation coefficient. HRF ¼ hypoxemic respiratory failure. MV ¼mechanically
ventilated. SD ¼ standard deviation. VFDs ¼ ventilator free days. Calculations for all MV patients, sustained HRF patients, ARDS definition 1 patients, and ARDS definition
2 patients are based on eCritical registry data fromNovember 2018 to November 2019. Calculations for the ARDS Calgary cohort is based on standardized screening for ARDS in
four ICUs in Calgary. See Appendix S2, SAP Supplementary Table 1 for details on criteria for sustained HRF, ARDS definition 1 and 2, and sustained ARDS.

K.K.S. Parhar et al. / Critical Care and Resuscitation 25 (2023) 207e215 211
outcome of 28-day ventilator-free days (VFDs) with a pragmatic
and efficient implementation of the pathway. A step duration that
was too long would potentially result in contamination or secular
changes in practice. A step duration that was too short would not
allow adequate time for the implementation of the pathway within
each cluster. The number of ICUs per cluster also balanced the study
team's ability to implement the pathway in a given step. Too many
ICUs per cluster would not be feasible for the implementation team,
but alternatively, too few would result in a study duration that was
too long and also susceptible to contamination or secular changes
in practice.

With the considerations above, the final study design included a
ten-month baseline data collection period, eight clusters with two
ICUs per cluster, the and implementation of the pathway in one
cluster every two months, followed by a four-month post-
implementation period following the last cluster. Using historical
ICU admission rates in Alberta from 2018 to 2019, we estimate a
total of 18816 mechanically ventilated patients will be included in
this study, with 11424 patients preimplementation and 7392 pa-
tients postimplementation. Based on this, a baseline mean VFDs of
21 (standard deviation (SD) 10), an intraclass correlation coefficient
(ICC)¼ 0.15), a 90% power, and a two-sided a¼ 0.05, we estimate an
ability to detect a difference of 0.9 VFDs (see Table 2).

Given that ARDS is an important subgroup of patients within
this cohort that would receive most pathway steps, we wanted to
ensure sufficient patient recruitment from this subgroup of inter-
est. To estimate the ARDS population within this cohort as well as
the ICC, we applied a local population-based incidence of ARDS that
was derived using standardised screening.2 We estimate this will
generate a sample size of 2688 sustained ARDS patients within our
TheraPPP study cohort and provide the ability to detect a minimum
difference of 2.4 VFDs (11e13.4 mean 28-day VFDs) (with a 90%
power and a two-sided a ¼ 0.05, ICC ¼ 0.01) within this subgroup.
The minimal clinically important difference of 2.4 days is similar to
other ARDS trials.44e46 The ICC was estimated to be 0.011 (95%
confidence interval (CI) 0.00e0.20).2 The VFD effect difference in
ARDS patients that this study is powered to is conservative and
targets the lower limit of the pooled effect difference observed in
our previously published systematic review (standardised mean
difference increase of 3.48 (2.43e4.54) days).24
4.2. Implementation sample size

Given this is a type 1 hybrid study, we also estimated the
detectable difference in our primary implementation outcome
Composite Fidelity Score [CFS%]. Using a baseline CFS of 20%, a
standard deviation of 32%, 18816 patients, an ICC of 0.31, 90% po-
wer, and a two-sided a ¼ 0.05), we estimate the study could detect
a difference of 2.6% in mechanically ventilated patients (see
Table 2).

To improve the reliability of these estimations, we conducted
several sensitivity analyses, which we present in Table 2 and pro-
vide an expanded rationale in Appendix S2 (SAP sections 5.5.1 &
5.5.2).

The power calculation was performed using the Stata function
“stepped wedge”.47,48
4.3. Acceptability survey sample size

We estimate up to a total of 1000 survey responses from clini-
cians. Based on our pilot study and previous work,25 we anticipate a
conservative response rate of 50% (625 surveys completed of 1250
distributed), which will provide a 95% binomial CI of ±3.9 %.
5. Statistical analysis

5.1. Analysis populations

We will analyse the data using an intention-to-treat analysis. In
the event of a patient moving from an intervention site to a
nonintervention site or vice versa, see Appendix S2 (SAP section
7.4) for details.

5.2. Analysis plan

Baseline patient characteristics and how they will be reported
are presented in Appendix S2 (SAP Supplementary Table 2). Cate-
gorical data will be summarised by frequencies and percentages.
Continuous data will be summarised as medians and IQR. Tests of
statistical significance will not be undertaken for baseline
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characteristics; rather, the clinical importance of any imbalancewill
be noted.

Clinical outcomes will be analysed at the patient level. For the
primary analysis, we will compare the mean 28-day VFDs pre-
implementation and postimplementation using a mixed effects
Fig. 4. CONSORT diagram. I ¼ patients by step. II ¼ patients by cluster. III ¼ patients at tria
patients who were excluded, e.g. not mechanically ventilated. Enroled (C) ¼ the number of p
were not analysed, e.g. no chart available. Analysed (E) ¼ the number of patients who were
analysis status (A, B, C, D, E), whether it is the control (c) or intervention (I) group, the step
1e8 For example, AI5-2 is the number of patients admitted (A) in the intervention group (I)
linear regression model to account for clustering of patients within
the site.

The analysis of VFDs has a number of considerations, including
its bimodal nature as well as the presence of competing risks for
each of its components. There is no single best analysis method for
l level. Admitted (A) ¼ the number of patients admitted. Excluded (B) ¼ the number of
atients who were enrolled. (C ¼ A - B). Not analysed (D) ¼ the number of patients who
analysed (E ¼ C - D). c ¼ control. I¼intervention. In each box, the symbols represent the
of the stepped wedge (0e8), and in section I, the intervention groups, which cluster
in the step 5 (5) of the study period for cluster 2 sites (-2).
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VFDs.49,50 The parametric T-Test provides the opportunity to adjust
for baseline variables (both continuous and categorical) through
linear regression, the T-Test's modelling analog, and provide effect
estimates. An alternative approach would be to conduct a
competing risk analysis using a Fine and Gray competing risk
regression using the twomutually exclusive endpoints of successful
extubation or death. The use of a nonparametric test such as the
Wilcoxon rank sum was not ideal for our study as it could only be
stratified by a single categorical variable and could not adjust for
continuous variables, also would not provide effect estimates. We
hypothesised that our intervention would either influence the
duration of mechanical ventilation only or have aweek tomoderate
impact on mortality in addition to a benefit on duration. Based on
simulation studies for 28-day VFDs and the hypothesised outcomes
above, the T-test had the same or higher power than a Fine and
Gray competing risk regression.50 A recent modelling study on
VFDs confirms that a T-test/linear regression-based approach is
simple and easy to interpret, but it also performed similarly (if not
better) in estimating group means compared to other models49

Given how close the power is between the T-Test method and the
Fine and Gray competing risk regression method, we planned to
conduct the T-test/linear regression as our primary analysis and the
competing risk analysis as a sensitivity analysis (see sensitivity
analysis section below and Appendix S2, SAP section 8.2.1). In
addition to this, we have preplanned to report the separate com-
ponents of VFDs (ventilator duration and mortality) as secondary
outcomes.

Secondary clinical outcomes will be similarly compared pre-
implementation and postimplementation using mixed-effects
linear or logistic regression models, as appropriate. To account for
the competing risk of death, we will also analyse ICU and hospital
LOS using time-to-event analyses censored at 90 days after me-
chanical ventilation for hospital LOS (no censoring is required for
ICU LOS) using Fine and Gray competing risk regression since we
have two mutually exclusive potential endpoints (discharge or
death). Assumptions for the competing risk analysis will be
assessed using the same method as the analysis for VFDs. All
models will be adjusted for age, sex, severity of illness (sequential
organ failure assessment score on admission), and severity of
hypoxemia on admission based on PF ratio, as well as type and size
of ICU. We will assess for potential collinearity among adjustment
Table 3
Ventilator free days (primary clinical effectiveness outcome) and composite fidelity scor

Subgroup D

High vs low ICU volume (Split at the median, over study period) Lo
HRF vs non-HRF H

p
ARDS vs non-ARDS (ARDS definition 2) A

p
Females vs males Fe
Covid positive vs Covid negative C

el
Cardiac surgery vs non-cardiac surgery patients N

el
Average height of patients (3 categories: quartile 1, quartile 2 & 3, quartile 4) Lo

lu
Severity of HRF in first 24 h of MV (Severe vs moderate vs mild) Se

th
Age >60 vs 60 and under A
Weight by BMI classifications (<18.5, 18.5 to <25, 25 to <30, >30) H

p
Severity of illness high vs low SOFA score (SOFA score <12 vs 12 or more) SO

Subgroup analyses will be conducted for both the primary effectiveness outcome (28-da
ARDS ¼ acute respiratory distress syndrome. BMI ¼ body mass index. CFS ¼ composi
LOS¼ length of stay. MV¼mechanically ventilated. Pts¼ patients. PEEP¼ positive end ex
days. See Appendix S2, SAP for details of subgroup analyses.
factors by examining the variance inflation factors (VIF), and if
there is evidence of collinearity (eg. VIF >5), a variable will be
considered for exclusion from the models. We will include time
(days) in the models to account for secular trends over time, since
failure to include such time effects can bias estimates of effect sizes.
Data from the 1-month implementation transition phase within
each step will not be included in the analysis of primary and sec-
ondary outcomes. If the distribution of a continuous outcome is
skewed, a log-transformation of the outcome will be considered, if
applicable. The threshold for the entire analysis of primary and
secondary outcomes will be two-sided using a 5% significance level
(a ¼ 0.05). Measures of association will be reported using differ-
ences in means or odds ratios with a 95% CI as appropriate. There is
only one primary clinical effectiveness outcome; therefore, no
adjustment for multiplicity is required. For secondary outcomes,
we will report the false discovery rate to account for the multi-
plicity of testing. All analysis will be conducted using the statistical
analysis software R.

Adherence will be presented using the CFS score pre-
implementation and postimplementation (Appendix S2, SAP
Supplementary Table 3) of the intervention (mean, median, inter-
quartile range (IQR), p-value). Time trends in the CFS will be pre-
sented for all mechanically ventilated patients, patients with HRF,
and patients with ARDS (definition 2, see Appendix S2, SAP
Supplementary Table 1 for definition). Fidelity process of care in-
dicators will also be used to improve pathway adherence through
monthly audits and feedback reports.

The timing of the final analysis is presented in Fig. 3 and
described in Appendix S2 (SAP section 5.8). This SAP version 1
(February 22, 2022) was added to ClinicalTrials.gov and posted
publicly on a preprint server prior to the retrieval of electronic data
and before any analyses had been conducted.31

Details of protocol deviation definitions, patient transfer to a
nonstudy site, and loss to follow-up are presented in Appendix S2
(SAP sections 6.2 & 7.4). The number of ICUs, number of eligible
patients, and exclusions will be detailed in the CONSORT flow di-
agram (see Fig. 4).

Acceptability survey data will be presented as aggregated fre-
quencies with proportions. The datawill be stratified by participant
profession, years of experience, and type of institution. Differences
will be compared using Fisher's exact test or Chi-squared test for
e (primary implementation outcome) subgroup analyses.

irectionality

w volume ICUs most likely to improve VFDs given lower baseline CFS
RF patients most likely to improve VFDs as eligible to get more elements of the
athway
RDS patients most likely to improve VFDs as eligible to get more elements of the
athway
males most likely to improve VFDs given lower baseline CFS
ovid patients most likely most likely to improve VFDs as eligible to get more
ements of the pathway
on cardiac surgery patients most likely to improve VFDs as eligible to get more
ements of the pathway
wer quartile height patients most likely to improve VFDs given lower baseline
ng protective strategies
vere HRF patients most likely to improve VFDs as eligible to get more elements of
e pathway
ge >60 patients most likely to improve VFDs as mortality at presentation is higher
igher BMI patients most likely to improve VFDs given lower baseline lung
rotective strategies
FA >12 patientsmost likely to improve VFDs asmortality at presentation is higher

y VFDs) and also the primary implementation outcome (CFS).
te fidelity score. HRF ¼ hypoxemic respiratory failure. ICU ¼ intensive care unit.
piratory pressure. SOFA¼ sequential organ failure assessment. VFDs¼ ventilator free
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categorical variables, or the Wilcoxon rank-sum test or Kruskal-
Wallis test for Likert scale data, as appropriate. An expanded
method for focus group analysis will be reported separately.
Additional details on both the survey methodology and focus
groups are available in Appendix S1 (Protocol, section 7.1.2, 7.2.2,
8.2.1, and Attachment 9, 10, 12, 13).

5.3. Sensitivity analysis

As a sensitivity analysis, we will analyse VFDs using a time-to-
event analysis censored at 28 days using Fine and Gray competing
risk regression since we have two mutually exclusive potential
endpoints (successful extubation or death). If the proportional haz-
ards assumption is not satisfied, the subdistribution hazard ratio
obtained from the Fine and Gray model can be interpreted as the
average subdistribution hazard ratio.50 Schoenfeld-type residuals
will be used to assess the proportional subdistribution hazard
assumption.51,52 Additional sensitivity analyses are presented in
Appendix S2 (SAP section 7.4, 8.2.1).

5.3.1. Subgroup analysis
A full list of subgroups for analyses is presented in Table 3 and

will be conducted for both the primary effectiveness outcome (28d
VFDs) and also the primary implementation outcome (CFS).Wewill
test for heterogeneity of treatment effect across these subgroups
and report the corresponding p-value for interaction, with a p-
value less than 0.05 being deemed significant. To account for
multiple testing for the secondary analyses, we will report the false
discovery rate.

5.3.2. Cost-effectiveness analysis
Full details of the statistical analysis plan for the economic

analysis will be provided in a separate protocol.

6. Data access

Demographic, clinical, and outcome data to evaluate effective-
ness and fidelity will be collected via TRACER, which prospectively
captures data for all patients admitted to Alberta ICUs using an
integrated bedside electronic medical record.53 Surveys will be
administered via Qualtrics, an online survey tool. Additional details
of data access, handling, storage, and encryption can be found in
Appendix S1 (Protocol section 7 and Attachment 7).
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