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Rationale
Successful weaning of patients from invasive mechanical ventilation (IMV) represents a critical hurdle in
the recovery process following severe respiratory failure [1–3] and is a key clinical challenge for intensive
care unit (ICU) clinicians. Many of the serious complications of IMV are directly related to the duration
of ventilation [4, 5]. Failure to successfully separate patients from IMV contributes directly or indirectly to
poorer patient outcomes including, of course, longer duration of ventilation, longer length of ICU and
hospital stay, and higher patient morbidity (dyspnoea, infection, muscle weakness) and mortality [6, 7].
Some patients spend a considerable amount of time in the process of being liberated from IMV. The
identification and utilisation of approaches that improve the success of ventilator weaning are therefore of
fundamental importance [8–10].

Despite the importance of the weaning period, this process is not rigorously defined, with wide variations
in definitions and practices. In addition, the specific impact of ventilator weaning difficulties on patient
outcomes is still poorly understood and little is known regarding the impact of physical and mental
conditions, including frailty, before ICU admission and comorbidities (e.g. chronic obstructive pulmonary
disease or heart failure) on weaning outcome. While guidelines do exist on the classification of weaning
[1], a key recent study has shown that these are not applicable to all patients [11]. Moreover, different
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practices exist in regard to weaning procedures and some confusion exists even in what should be
considered the beginning of the weaning process. This is an important problem, because general
recommendations regarding the entire weaning process may encompass completely different causes and
consequences of its prolongation, and therefore may be totally inappropriate for individual patients. The
diversity of factors contributing to difficult/prolonged patient weaning from ventilation mean that
management must be individualised based on the specific underlying contributing factors.

The WorldwidE AssessmeNt of Separation of pAtients From ventilatory assistancE (WEAN SAFE) study is
an initiative of the acute respiratory failure section of the European Society of Intensive Care Medicine
(ESICM), which endorsed the study, and has been supported by Assembly 2 (respiratory intensive care) of
the European Respiratory Society (ERS). The ERS endorsed it as a Clinical Research Collaboration (CRC),
expanding the scope of the project. WEAN SAFE will aim to address key issues relating to weaning from
IMV. The ERS CRC programme provides support to projects in different areas of respiratory medicine, to
build and maintain pan-European and/or global collaborations [12]. The rationale for forming a WEAN
SAFE CRC as a component of this large-scale project was to harness the resources of a CRC for a project
that has a broad reach across respiratory intensive care and requires the collaboration of ICUs across the
globe. This will enable WEAN SAFE to generate and analyse a large geographically diverse cohort of
patients receiving IMV, using an unbiased approach that does not attempt to pre-define “weaning” but
instead simply enrols all patients who have required at least 2 days of IMV.

Aims
The over-arching aims of WEAN SAFE are to describe, in a “real world” global cohort of ICU patients,
the current procedures for weaning and the applicability of existing weaning classification systems, and to
identify factors relating to patients and their healthcare environment that are associated with delays in
weaning from IMV. Table 1 lists key pre-defined “unanswered questions” that the WEAN SAFE project
will address.

In order to generate a database of sufficient size and scale, a “convenience sample”, of over 5000 patients
was targeted. Based on the LUNG SAFE (Large Observational Study to Understand the Global Impact of
Severe Acute Respiratory Failure) data [13], we estimated that a medium-sized ICU would enrol
approximately 11 patients invasively ventilated on day 2 following intubation per participating ICU over a
4-week period. Given this, we therefore targeted the enrolment of 500 participating ICUs (considering a
10% dropout) to reach the patient enrolment target.

Past achievements
While this is a newly established CRC, the members of the WEAN SAFE CRC executive committee have a
strong track record in establishing research collaborations and of large-scale epidemiological research in
respiratory intensive care, having previously founded and led the LUNG SAFE global collaboration. The
LUNG SAFE project had a similar structure to the WEAN SAFE CRC. For LUNG SAFE, we were
successful in recruiting 459 ICUs across 50 countries globally. The LUNG SAFE database is the largest
epidemiological study of acute respiratory distress syndrome and acute hypoxaemic respiratory failure to
date, with over 29000 patients screened and data collected from over 12000 patients. The principal

TABLE 1 Unanswered questions to be addressed by the worldwide assessment of separation of
patients from ventilatory assistance (WEAN SAFE) study

1 What is the frequency of delayed weaning from IMV?
2 What current approaches are taken to wean patients from IMV?
3 What factors are used to determine when patients are in the weaning phase?
4 What are the barriers to effective weaning from IMV?
5 What are the factors (patient, institutional, medical practice) that contribute to failed attempts to

wean from IMV?
6 What is the impact of sedation management on weaning from IMV?
7 What is the impact of pre-morbid conditions and of frailty on weaning from IMV?
8 What is the utility of existing classifications for weaning from IMV?
9 What is the impact of early versus delayed and/or failed weaning from IMV?
10 What is the role of noninvasive ventilation in the weaning process?
11 What regional or geo-economic differences exist regarding weaning from IMV?
12 What is the therapeutic resource use in patients with delayed weaning from IMV?

IMV: invasive mechanical ventilation.
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manuscript [13] was published in JAMA, while 10 additional papers have been published and several more
papers are in preparation.

Current status
WEAN SAFE successfully leveraged its existing global ICU network (formerly the “LUNG SAFE”
Investigators) to develop the WEAN SAFE Investigator group. Centres were recruited through assembly
meetings of the ESICM and ERS, personal communication and websites. The protocol for the WEAN
SAFE prospective cohort study was developed, and an electronic case report form generated. The
enrolment window for the WEAN SAFE prospective cohort study consisted of any four consecutive weeks
between October 1, 2017, and May 31, 2018, and the study completed follow-up on August 31, 2018. The
study population comprised patients that still required IMV 48 h after initiation of IMV (or 48 h after ICU
admission for patients already receiving IMV). Exclusion criteria comprised patients in whom consent was
not obtained (in centres where this was a requirement of the local ethics committee).

It has been recognised that patient and family engagement is important in clinical care and research
related to the ICU and specifically in the field of weaning from IMV [14]. The European Lung
Foundation, an organisation that brings patients, the general public and medical professionals together, is
a partner in this CRC, and has nominated a patient representative to the CRC steering committee. This
partnership will enable us to define meaningful patient-centred outcome parameters, enable dissemination
of new knowledge derived from the WEAN SAFE project among patient organisations, and help prioritise
future directions for this CRC.

The data for this observational study were collected as part of routine clinical care and are anonymised.
For many participating sites, informed patient consent was not deemed necessary by local research ethics
boards. However, there was considerable variation by country in regard to this aspect of the consent
procedure, with a significant proportion of sites requiring informed consent by the patient or a substitute
decision-maker. Each site investigator was ultimately responsible for obtaining approval from their relevant
ethics committee, in compliance with the local legislation and rules. In most participating countries, a
national coordinator liaised with the participating centres and assisted with the ethical approvals process.

In total, 456 centres from 52 countries participated in WEAN SAFE (figure 1a), with over 12000 patients
screened for enrolment. The top five recruiting countries, namely Italy, Spain, the USA, France and the
UK each screened over 700 patients (figure 1b). Of the 12000 patients screened, over 5000 patients met
the criteria for enrolment into the WEAN SAFE database, i.e. these patients required IMV for at least two
calendar days following tracheal intubation. As this is a “convenience” sample, derived from ICUs that
voluntarily participated, a significant limitation is that there will be significant geographic imbalances in
the dataset. While the primary analysis will focus on the entire global dataset, subsequent analyses will
examine the impact of geographic and economic issues, as was done previously in the LUNG SAFE
dataset [15].

Future plans
We are currently validating data entered into the WEAN SAFE database. The target date for completion
and closure of the database is April 30, 2019. The target date for the primary manuscript is autumn 2019.
From all centres that enrolled patients, two investigators will be listed as collaborating authors in the
primary and major secondary publications. In addition, after the pre-specified analyses have been
completed, and the data published, the data will be made available under certain conditions for all
members of the current CRC for research purposes.

This established global CRC of centres interested in weaning from IMV will be important for future
scientific studies and development of guidelines, task forces and other initiatives relevant to this topic.
When initial analysis of data is completed, we will invite new centres to collaborate in this CRC. One
specific population not addressed in the current study is the weaning of patients in respiratory step-down
units, weaning centres or specialised respiratory units that have advanced expertise with a specific
population. As the WEAN SAFE cohort study has not been specifically designed to capture this important
subpopulation, this could constitute a follow-up project, and WEAN SAFE can inform the optimal design
of such a project. In addition, the data from the WEAN SAFE study should constitute a useful resource to
inform revised guidelines regarding weaning from IMV.

Challenges
The scale of this project, in terms of the required number and distribution of ICUs (over 500) required to
generate a patient cohort of sufficient size (over 5000 patients), geographic distribution and scale, has
presented considerable challenges, which have largely been successfully overcome at this point. A
particular issue has been the requirement from some ethics committees for informed patient consent to be
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obtained for patient enrolment into our (noninterventional) study. Restrictions regarding data collection
for prospective observational datasets such as WEAN SAFE are likely to increase with the recent
introduction of General Data Protection Regulations across the European Union. These restrictions may
skew patient enrolment into observational studies, potentially making these datasets less representative of
the full population. Experiences from WEAN SAFE are an excellent opportunity to critically review the
impact of these new regulations on clinical and research collaborations.

We anticipate additional challenges related to the analysis and interpretation of the WEAN SAFE
database. Although there are published guidelines about when and how to start the weaning process, we
do not know whether these recommendations are used or are feasible, what the barriers are for their
implementation and what the real-life impact is of an early or late weaning process for the patient. There
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FIGURE 1 a) Participating intensive care units (ICUs) in the worldwide assessment of separation of patients
from ventilatory assistance (WEAN SAFE) prospective cohort study, by country. b) Patients enrolled in the
WEAN SAFE prospective cohort study, by country.
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is also significant uncertainty about when the process of weaning from IMV is really starting, in our
understanding of the impact of sedation management, and knowledge regarding current weaning practices
and how this is associated with outcomes.

Conclusions
WEAN SAFE will assemble the largest database of clinically relevant data related to weaning from IMV to
date, generating an unprecedented research resource. The WEAN SAFE CRC will facilitate the generation
and dissemination of important insights into the diversity and impact of weaning practices and outcome
in (nearly) all parts of the globe, and engage with patients and their families in this process. We look
forward to the next stage of this exciting project, and to advancing the field of research into weaning from
IMV to improve respiratory intensive care and patient outcomes.
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