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ABSTRACT

Introduction Research supports the use of specific
strategies to discontinue mechanical ventilation (MV) in
critically ill patients. Little is known about how clinicians
actually wean and discontinue MV in practice or the
association between different discontinuation strategies
and outcomes. The primary objective of this study is to
describe international practices in the use of (1) daily
screening for readiness to discontinue MV, (2) modes of MV
used before initial discontinuation attempts, (3) weaning
and spontaneous breathing trial (SBT) protocols, (4) SBT
techniques and (5) sedation and mobilisation practices
to facilitate weaning and discontinuation. The secondary
objectives are to identify patient characteristics and
time-dependent factors associated with use of selected
strategies, investigate associations between SBT outcome
(failure vs success) and outcomes, explore differences
between patients who undergo an SBT early versus later
in their intensive care unit (ICU) stay, and investigate

the associations between different SBT techniques and
humidification strategies on outcomes.

Methods and analysis We will conduct an international,
prospective, observational study of MV discontinuation
practices among critically ill adults who receive invasive
MV for at least 24 hours at approximately 150 ICUs

in six geographic regions (Canada, USA, UK, Europe,
India and Australia/New Zealand). Research personnel

at participating ICUs will collect demographic data,

data to characterise the initial strategy or event that
facilitated discontinuation of MV (direct extubation, direct
tracheostomy, initial successful SBT, initial failed SBT

or death before any attempt could be made), clinical
outcomes and site information. We aim to collect data on
at least 10 non-death discontinuation events in each ICU
(at least 1500 non-death discontinuation events).

Ethics and dissemination This study received
Research Ethics Approval from St. Michael’s Hospital
(11-024) Research ethics approval will be sought from
all participating sites. The results will be disseminated
through publications in peer-reviewed journals.

Trial registration number NCT03955874.

Strengths and limitations of this study

» This study will characterise variation in practice
related to mechanical ventilation discontinuation
internationally and associations between the use
of different discontinuation strategies and clinically
important outcomes.

» We aimed to recruit a similar number of participat-
ing intensive care units (ICUs) in each region recog-
nising that participation of a larger number of ICUs
in any one region could result in greater observed
practice variation and conversely, inclusion of only a
few ICUs in any one region may underestimate true
weaning practice variation.

» Astudy of this scope and rigour focused on mechan-
ical ventilation discontinuation in both academic and
community ICUs, involving individual site-training,
prospective and consecutive patient inclusion, event
identification and data collection, and patient-level
data validation has not been conducted previously.

» Challenges will include the need to obtain prospec-
tive consent by a small number of research ethics
boards, variation in time to ethics and contract ap-
provals, and the number of ICUs that we will need to
recruit to achieve our target number of participating
ICUs.

INTRODUCTION

Mechanical ventilation (MV) is the proto-
typical life support technology used in the
intensive care unit (ICU). Most adult patients
who are admitted to ICUs require either inva-
sive or noninvasive MV for a proportion of
their stay. A key component of MV support
is the process of weaning or discontinuing
MV. During MV discontinuation, the work of
breathing is transferred from the ventilator
back to the patient and ventilator support
is either abruptly or gradually withdrawn.
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Approximately 40% of the total duration of invasive MV
is spent in the weaning phase.' * Prolonged invasive MV
is responsible for a large portion of ICU costs and is asso-
ciated with the development of complications including
ventilator-associated pneumonia,” sinusitis* and respira-
tory muscle weakness.” Thus, minimising the duration of
MV has been identified as a priority for improvement in
the field of critical care.”

Randomised controlled trials, meta-analyses and clin-
ical practice guidelines support the use of specific strat-
egies during weaning including the early identification
of weaning candidates using weaning protocols,”™ tests
to determine the patient’s ability to breathe sponta-
neously (or spontaneous breathing trials (SBTs)),!0-13
and selected modes of ventilation or strategies (pres-
sure support (PS) and SBTs (using PS or T-piece).'*
However, little is known about how clinicians actually
discontinue MV (direct extubation (no prior SBT),
initial SBT, direct tracheostomy) in practice or about the
impact of different discontinuation practices on clinical
outcomes.'”

Weaning is a collaborative effort involving the skills
of diverse healthcare providers including respiratory
therapists (RTs), critical care nurses, physiotherapists,
kinesiotherapists, dietitians, pharmacists and physi-
cians. Availability of personnel and organisational
factors (teaching affiliation, funding status (public vs
private), organisational models (open vs closed) and
ICU processes of care) may influence how evidence is
adopted into clinical practice and affect outcomes.” ' '
Despite strong recommendations for the use of weaning
protocols, several factors may limit their use in practice
including the need for multidisciplinary education, scale
of implementation and strategies to ensure ongoing
compliance.”

In this International, Prospective, Observational
Study of Mechanical Ventilation Discontinuation Prac-
tices (hereafter referred to as the IOS study), we aim to
describe variation in practice variation in discontinuing
MV at national and international levels, describe the
impact of different practices in discontinuing MV on clin-
ical outcomes and identify important predictors of initial
SBT outcome (see the Objectives section).

OBJECTIVES

Primary objective

The primary objectives of the IOS study are to describe
in the use of (1) daily screening for readiness to discon-
tinue MV, (2) modes of MV used before initial attempts to
discontinue MV, (3) weaning and SBT protocols, (4) SBT
techniques and (5) sedation and mobilisation practices
among geographic regions.

Secondary objectives

The secondary objectives are to (1) identify patient char-
acteristics and time-dependent factors associated with
use of selected discontinuation strategies, (2) investigate

associations between SBT outcome (failure vs success)
and clinical outcomes (total duration of MV; overall
all-cause ICU mortality; overall hospital mortality; propor-
tion of patients off the ventilator and out of the ICU at
day 28 after MV initiation; ICU and hospital length of stay
(LOS); ICU readmission (during hospitalisation) and
reintubation), (3) explore differences between critically
ill patients who undergo an SBT early versus later in their
ICU stay (eg, defined by the median ICU LOS or time
to first SBT) and (4) investigate the associations between
different SBT techniques and humidification strategies
(heat and moisture exchanger (HME) vs heated humidi-
fication?") on clinical outcomes.

Tertiary objective

The tertiary objective is to identify important predictors
(patient, clinician, SBT, institutional and regional) of
initial SBT outcome (success vs failure).

METHODS

Study population

We will include all newly admitted critically ill adults
who are invasively ventilated for at least 24hours. We will
exclude patients who (1) are transferred to participating
ICUs without a documented intubation time, (2) have a
tracheotomy/ tracheostomy at ICU admission and (3) are
already on ventilator settings compatible with an SBT (eg,
T-piece, CPAP<5 cmH,O or PS<7 cmH,0) at ICU admis-
sion. We will exclude patients who reside in participating
ICUs for >224hours on the first day of data collection and
those readmitted to the index ICU during the study period.
We will also exclude patients who are enrolled in interven-
tional studies that mandate explicit weaning protocols.

Study settings

We will include approximately 150 ICUs in six geographic
regions (Canada, USA, UK, Europe, India and Australia/
New Zealand) with similar representation from each
region (approximately 25 ICUs). In each ICU, we will
collect data on at least 10 non-death discontinuation
events and all deaths before any attempt at MV discontin-
uation can be made. To enhance study feasibility, we will
prioritise ICUs that have 15 or more beds.

Study outcomes

We will classify each new ICU admission over the study
period according to the initial strategy that facilitated MV
discontinuation into one of five categories: direct extuba-
tion, direct tracheostomy, initial SBT success, initial SBT
failure or death before any attempt at discontinuation of
MV can be made (figure 1). We will describe the associa-
tion between MV discontinuation practices and clinical
outcomes including total duration of MV, ICU mortality,
hospital mortality, proportion of patients off the ventilator
and out of the ICU at day 28 after MV initiation, ICU and
hospital LOS, ICU readmission (during the index hospital-
isation) and reintubation within 48 hours of extubation.
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Total No. of Patients Screened
(N=XXXX)

Total No. Excluded
(N= XXXX)

Transferred Prior to a
— Discontinuation Event
(N=XX)

Unable to Consent
- Where required
(N=XX)

Stopped Following after achieving
— 10 non-death events
(N=XXX)

MV Discontinuation Events
(N=XXXX)

Death prior to Discontinuation
(N= XXX)

Initial SBT
(N=XXX)

(N=XXX)

Direct Extubation
(N=X00¢)

Direct Tracheostomy |

Initial SBT Failure
(N=X0K)

Initial SBT Success
(N=XXX)

Figure 1 Patient flow. SBT, spontaneous breathing trial MV,
mechanical ventilation

DETAILED METHODS

Phase 1: Study centre identification

We will use a multimodal approach (information cards,
contact with critical care societies and electronic mail
correspondence) to identify potential participating
centres and ICUs with the goal of collaborating with 25
ICUs in each of the six geographic regions. As in the
previously conducted International Weaning Survey
of clinicians stated practices in discontinuing MV," we
will define geographic regions based on affiliation with
leading regional critical care societies.'” To identify
potential participating academic and community centres
for the IOS study, we enclosed an information card and a
separate return envelope with the International Weaning
Survey questionnaire.

Phase 2: Data collection forms

Research staff will prospectively screen the ICU on a daily
basis for eligible study patients and record all patients in
screening logs (online supplementary appendix 1). After
identification of eligible patients, research personnel
will follow patients prospectively to ascertain the initial
strategy that facilitated MV discontinuation. We will
develop web-based data forms to tabulate demographic
data (online supplementary appendix 2), data at the time
of ICU admission (online supplementary appendix 2),
and discontinuation events (direct extubation (online
supplementary appendix 3), direct tracheostomy (online
supplementary appendix 4), initial successful SBT and up
to two subsequent SBTs (online supplementary appen-
dices 5a,5b,5c), initial failed SBT and up to two subse-
quent SBTs (online supplementary appendices 5a,5b,5¢),
or death before any attempt at discontinuation can be
made (online supplementary appendix 6). Demographic

and ICU admission data will be entered each time a
patient meets eligibility criteria. Finally, we will collect
information regarding patient outcomes (online supple-
mentary appendix 7) and relevant processes of care (the
presence of weaning and SBT protocols, the use of daily
screening, and personnel (eg, RTs, nurses, kinesiothera-
pists or others) involved in weaning) in participating ICUs
on separate outcomes (online supplementary appendix
7) and site forms (online supplementary appendix 8),
respectively. Research personnel complete paper data
collection forms and enter data into the Medidata RAVE
System (Medidata Solutions, New York, USA).

Phase 3: Study implementation

We will prospectively collect data over an approximate
2-week period or until a minimum of 10 non-death discon-
tinuation events are recorded in each ICU. We will permit
flexible start dates for variable clinical coverage models
(ie, attending weeks of coverage beginning on different
days of the week). We will follow patients until successful
extubation/disconnection (in patients who have a trache-
ostomy), death, ICU discharge/transfer or until day 60
for patients who remain dependent on MV. We define the
time of successful extubation/disconnection as the time
when unsupported spontaneous breathing began (no
non-invasive ventilation (NIV) or invasive MV) and was
sustained for >48 hours after extubation/disconnection.
Patients and the public were not involved in study design
or implementation.

Phase 4: Data management

The Applied Health Research Centre of the Keenan
Research Centre and the Li Ka Shing Knowledge Insti-
tute (St Michael’s Hospital, Toronto, Canada) will be the
study methods centre. We will use the Medidata RAVE
System, a web-based data entry system, to manage study
data. We will assign a unique identification code to each
participating site based on the region and ICU within the
region. The investigative team will transmit queries for
missing, incomplete or illogical data to site personnel in
the database and by electronic mail. Site personnel will
respond to queries and update the database in responses
to our queries.

STATISTICAL ANALYSIS

Sample size estimation

We will collect data on at least 10 non-death discontin-
uation events within each participating ICU to obtain
at least 1500 non-death discontinuation events. Based
on clinical judgement, we anticipate that at least 50%
of discontinuation events will involve an initial SBT
(expected range 750-1050 SBTs). Of these, we estimate
that 70% of patients will be successful in an initial SBT,
representing 525 initial SBT successes and 225 initial SBT
failures. We expect that the rate of accrual of discontin-
uation events and duration of data collection will differ
among the participating ICUs due to the number of ICUs
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beds and patient turnover. We expect to collect sufficient
data to identify predictors of initial SBT outcome (failure
vs success) using a logistic regression analysis™ ** with 18
pre-specified variables (online supplementary appendix
9), assuming 10 events per degree of freedom.**

Primary outcome

We will use descriptive statistics to summarise variation
in weaning practices among geographic regions and
clinical outcomes associated with the different discontin-
uation strategies. For binary outcomes, we will compare
differences among the four main discontinuation strate-
gies (direct extubation, direct tracheostomy, initial SBT
success and initial SBT failure) using the x2 test (alterna-
tively, the Fisher’s exact test). For continuous outcomes,
we will compare means (for normally distributed data)
using analysis of variance (ANOVA) or medians (for
non-normally distributed data) using the Kruskal-Wallis
test or the Mann-Whitney U test, as appropriate.”

Secondary and tertiary outcomes

We will use Cox Proportional Hazards modelling to explore
the relationship between patient characteristics and time
dependent factors (clinical conditions that developed
after enrollment and before initial discontinuation events)
associated with the use of selected discontinuation strate-
gies (dependent variable). Among critically ill adults who
undergo an initial SBT, we will use descriptive statistics
including proportions and meanststandard deviations
(alternatively, medians and IQRs) to summarise binary and
continuous variables, respectively. We will use the X2 test
(alternatively, Fisher’s exact test) and Student’s t-test (alter-
natively, Mann-Whitney U test) to investigate associations
between binary and continuous outcomes, respectively. To
investigate the influence of different SBT techniques (eg,
CPAP and PS) on clinical outcomes we will use 3, ANOVA
or Mann-Whitney U testing according to the characteris-
tics of the outcome. We will perform a logistic regression
analysis to identify potential predictor variables (patient,
clinician, SBT, institutional and regional) (online supple-
mentary appendix 9) that are associated with initial SBT
outcome.”** A PhD level biostatistician will conduct all
analyses in SAS V.9.1.

ETHICS AND DISSEMINATION

The IOS study was designed in accordance with ethical
principles outlined in the Declaration of Helsinki®® and
the ethical requirements of participating sites in their
respective jurisdictions. We will seek ethics approval
and negotiate contracts from all participating sites,
where required, before study initiation. The results will
be disseminated through publications in peer-reviewed
journals.

PATIENT AND PUBLIC INVOLVEMENT
No patient or public involvement.

DISCUSSION

The IOS study seeks to quantify the magnitude of practice
variation in liberating critically ill adults from invasive MV
and associations between use of selected discontinuation
strategies and clinical outcomes. Building on previous
work including national and international weaning
surveys, summarising intensivists’ stated practices in
weaning critically ill adults from invasive ventilation, the
I0S study will examine how clinicians actually discon-
tinue MV in ICUs from six geographic regions of the
world."7 % A study of this scope and rigour focused on MV
discontinuation in both academic and community ICUs,
involving individual site-training, prospective and consec-
utive (where possible) patient inclusion, event identifica-
tion and data collection, and patient-level data validation
(through a process involving individual data review, and
detailed query generation and resolution over electronic
mail and within Medidata RAVE) has not been conducted
previously. We will also identify important predictors
(patient, clinician, SBT, institutional and regional) of
initial SBT outcome (success vs failure).

We hypothesise that significant practice variation will
exist among ICUs in different geographic regions in the
use of daily screening, preferred methods of support
before discontinuation, use of written directives for
weaning and SBT conduct, in the conduct SBTs and
in sedation and mobilisation practices. We predict that
patients who undergo a tracheostomy or fail an initial
SBT will experience higher overall mortality, reintuba-
tion, and readmission rates, and longer ICU and hospital
LOS. Furthermore, these patients will be more likely to
remain in the ICU and on invasive MV at day 28 after MV
initiation. We anticipate that patient characteristics (eg,
age, patient type (medical vs surgical), illness severity and
prior history of heart failure) and time-dependent factors
(development of acute respiratory distress syndrome,
heart failure, neutropaenia, a bleeding diathesis or the
requirement for dialysis) will be associated with the use
of selected discontinuation strategies. In addition, we
postulate that patients who fail an initial SBT and those
who undergo an SBT later in their stay will experience
significantly higher mortality, reintubation and read-
mission rates, longer ICU and hospital LOS, and will be
more likely to remain in the ICU and on MV at day 28
compared with patients who pass an initial SBT and those
who undergo an SBT earlier in their ICU stay. We do not
anticipate finding differences in clinical outcomes based
on the SBT technique used; however, we predict that use
of HME will result in more initial SBT failures, especially
among patients who undergo an SBT later in their ICU
stay. Finally, we expect to identify important patientre-
lated (age, patient type, illness severity), clinician-related
(presence of RTs, time spent in clinical practice), SBT-re-
lated (use of daily screening, SBT technique) and insti-
tutional-related predictors (public vs private funding,
university affiliation, presence of written directives for
weaning and SBT conduct) of SBT outcome.
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We encountered several challenges in designing and
coordinating the IOS study. First, in designing the study
we recognised that participation of a larger number of
ICUs in any one geographic region could resultin greater
observed practice variation and conversely inclusion of
only a few ICUs in any one region may underestimate
true weaning practice variation. As such, we aimed to
recruit a similar number of participating ICUs in each
region. Second, we secured peerreviewed funding
through a Canadian Institutes of Health Research Oper-
ating/Industry partnered grant opportunity (80:20) to
provide site investigators with a payment ($C750) for
organising local approvals and prospective data collec-
tion. Despite the IOS study being investigator-initiated
and peer-review funded, partial industry funding resulted
in unanticipated requests for payment from several
ethics committees for ethics review. Third, to address
variation in ventilator terminology, we used standard
terminology,”” where feasible and engaged our interna-
tional collaborators in developing and pilot testing data
collection forms. Fourth, to minimise the potential for
selection bias introduced by the need to obtain prospec-
tive consent,” we intended to implement this purely
observational study with a waiver of consent. To ensure
that family members were aware that the IOS study was
in progress, we planned to display posters in the family
waiting rooms of participating ICUs, where required.
However, a few ethics committees mandated that research
personnel obtain consent from patients or their substi-
tute decision makers for participation. Fifth, although we
initially planned to implement the 10S study during two
data collection periods of approximately 2weeks duration
each, we recognised early in study implementation that
this would not be feasible due to wide variation in the
availability and efficiency of ethics and contract approval
processes. Moreover, although most ICUs required only
one ethics approval to participate, several ICUs especially
in the UK and Australia required multiple approvals (eg,
central plus other approval). Consequently, we adopted
a staggered approach to study implementation. With
this approach, we trained local research personnel on
the study protocol and data collection procedures after
local approvals were obtained and before study activa-
tion. Lastly, we underestimated the number of ICUs that
we would need to approach to achieve 150 participating
ICUs. Personnel from several sites who initially agreed
to participate, subsequently withdrew study participa-
tion for various reasons. Consequently, ICU recruitment
and initiation of approval processes became an iterative
process. To achieve our target number of events, we ulti-
mately reduced the minimum number of beds required
in participating ICUs from 15 to 9 beds.

Successful study coordination and implementation
will require broad collaboration. This study builds on
previous work conducted by members of the investigative
team within in a Program of Research on Mechanical Ventila-
tion Discontinuation Practices and is being conducted under
the auspices of the Canadian Critical Care Trials Group

(CCCTG).” Support for a research programme by the
CCCTG signals a commitment to participate actively in
the programme’s development, refinement, conduct and,
ultimately, reporting in the medical literature® Regional
site leads (Dr Jones (UK), Dr Villar (Europe), Dr Kapadia
(India), Dr Gattas (Australia/New Zealand), Dr Epstein
(USA)) will assist with implementing the IOS Study in ICUs
in their respective regions, function as local resources, and
aid in drafting and revising the manuscript. The members
of the organising team in Canada (Dr Burns, Dr Meade,
Dr Cook, Dr Dodek, Dr Slutsky and Dr Cook) have strong
working relationships with the regional site leads through
previous collaborations. We will coordinate study imple-
mentation at participating sites using webinars, telephone,
facsimile and electronic mail correspondence. To facil-
itate communication between the study investigators and
personnel at participating ICUs, we will launch and up-date
a microsite containing the study protocol, data collection
forms and study newsletters. The investigative team will own
and manage the study database, conduct the planned anal-
yses and draft manuscripts independently from industry
partners. Industry partners will be invited to review the
study protocol, data collection forms and the study manu-
script prior to submission. Industry partners may request
and pay for additional analyses.

The IOS study will characterise practices in discontin-
uing MV and the impact of using various discontinuation
strategies on important outcomes. The 10S study is novel
in evaluating actual weaning and discontinuation practices
outside the structure of randomised trials on an interna-
tional level and in heterogeneous settings. The IOS study
will provide valuable information to the international crit-
ical care community, identify practices that warrant further
study, inform the design of future trials, and foster collabo-
rations between investigators and regions.
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