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Background: Mechanical ventilaton (MV) is an important lifesaving method in intensive care unit ICU).
Prolonged MV is associated with ventilator associated pneumonia (VAP) and other complications. However,
premature weaning from MV may lead to higher risk of reintubation or mortality. Therefore, timely and safe
weaning from MV is important. In addition, identification of the right patient and performing a suitable weaning
process is necessary. Although several guidelines about weaning have been reported, compliance with these guidelines
is unknown. Therefore, the aim of this study is to explore the variaton of weaning in China, associations between
initial MV reason and clinical outcomes, and factors associated with weaning strategies using a multicenter cohort.

Methods: This multicenter retrospective cohort study will be conducted at 17 adult ICUs in China, that
included patients who were admitted in this 17 ICUs between October 2020 and February 2021. Patients
under 18 years of age and patients without the possibility for weaning will be excluded. The questionnaire
information will be registered by a specific clinician in each center who has been evaluated and qualified to

carry out the study.
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Discussion: In a previous observational study of weaning in 17 ICUs in China, weaning practices varies

nationally. Therefore, a multicenter retrospective cohort study is necessary to be conducted to explore the

present weaning methods used in China.

Trial Registration: Chinese Clinical Trial Registry (ChiCTR) (No. ChiCTR2100044634).
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Introduction

Mechanical ventilation (MV) is an important lifesaving
method in intensive care unit (ICU). It improves
ventilation function and gas exchange of patients. However,
prolonged MV is associated with several complications
such as ventilator associated pneumonia (VAP) (1,2). These
complications worsen the prognosis of patients, as time
spent in the weaning process accounts for approximately
40-50% of the total duration of MV (3,4). Several studies
have explored methods to shorten the weaning process thus
minimizing the MV duration. However, premature weaning
from MV may increase reintubation rate or mortality (5-7).
Therefore, it is important to identify the “right patients”
at the “right time” through a reasonable strategy to ensure
safe and timely discontinuation from the ventilator (8,9).

Protocol-directed weaning is recommended as a routine
process to improve the patient’s prognosis compared with
physician-directed weaning (10). The protocol includes
several aspects such as identifying the patients who are
ready for spontaneous breathing trials (SBTs), methods
to conduct SBTs and sequential respiratory support after
weaning. However, despite demonstration of large-scale
implementation, studies have not achieved an optimal
strategy, which means “optimal protocol”, to wean the critical
patients from MV. Moreover, although several guidelines
on protocol-directed weaning have been reported, rate of
compliance to present guidelines is unknown (11-13).

Therefore, this multicenter retrospective cohort study is
necessary to be conducted to explore the epidemiology of
weaning in China. The aim of this study is to explore the
actual variation of weaning strategies in clinical practice
from each center, and to determine which variation is
associated with MV duration and patient’s outcome.

We present the following article in accordance with
the SPIRIT reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1217/rc).

© Journal of Thoracic Disease. All rights reserved.

Methods
Study design

This will be a multicenter retrospective cohort study that
included patients who were admitted to 17 adult ICUs in
China (Table S1 and Figure SI), between October 2020 and
February 2021. The study will be conducted in accordance
with the Declaration of Helsinki (as revised in 2013). Ethics
approval for the trial was obtained only from the main center
- Institutional Review Board of the First Affiliated Hospital
of Guangzhou Medical University (Medical Research Ethics
Review 2021. No. 1). The Institutional Review Board waived
the need for written informed consent from the patients due
to the retrospective nature of the study. In addition, patients’
information will be anonymized and deidentified prior to
analysis. This study was registered at Chinese Clinical Trial
Registry (ChiCTR) (No. ChiCTR2100044634).

A meeting was held with all centers to discuss the study
items. Electronic medical record system or other electronic
medical care systems of each center was explored before
the study. All systems from each center met the study
requirements.

Patient screening

This study will include patients who received invasive
ventilation in ICU. The exclusion criteria will be (I) patients
under 18 years of age; (II) dyscrasia caused by advanced
malignancy diagnosed by specialists; (III) patients with
neuromuscular disease leading to spontaneous ventilation
damage (e.g., motor neuron disease); (IV) COVID-19

patients were excluded from the study.

Data collection

A specific clinician (not the accessing clinician) in each
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Table 1 Screening before weaning

Weaning screening items

() Partial or complete reversal of the cause of respiratory
failure

(I Oxygenation index improvement, SpO,>90% on a FiO,
<0.4 (or at a baseline level in chronically hypoxemic
patients) and PEEP <5 cmH,O

)

Hemodynamic stability (off vasopressors or on low levels
of vasopressors)

(V)

Spontaneous breathing existence. Frequency of
screening, Glasgow Coma Scale

PEEP, positive end-expiratory pressure.

center who had been evaluated and was qualified recorded
information from the center. The assessing clinicians will
be each center ICU doctors who will be qualified by their
own center, not for certain. The recording clinician will
not participate or give advice in the weaning process. The
requested data will be acquired in an electronic medical
record system or other electronic medical care systems of
each center. Data will be entered in an online questionnaire
through scanning a QR code with the mobile phone.

Data collection of the assess clinician

Recorded information includes, present working institute,
type of institute, type of ICU, number of beds in each
ICU, the total number of invasive MV patients each year in
each ICU, length of time working in ICU, length of time
working, the major, the highest qualification, the position
title and the length of time in that position.

In addition, information of the previous working institute,
type of institute, whether the former workplace is ICU and
the type of ICU.

Data collection of registered patients

%  Part 1-Basic information: primary reasons for
hospitalization, primary reasons for ICU admission,
primary reasons for MV (indications for MV), the
method for intubation, Acute Physiology and Chronic
Health Evaluation II (APACHE II) and Sequential
Organ Failure Assessment (SOFA) (14) at before or
within 24 hours after ICU admission, medical history
(including smoking, time of MV) and complications
(15,16).

% Part 2-Weaning information (requirements for filling

the form included):

© Journal of Thoracic Disease. All rights reserved.
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(I)  Fill the index with the ward round result in
the weaning day morning.

(II)  Fill in the best data of biochemical experiment

or examinationperformed24-48 hours before
or after weaning.

+ Part 3-Before weaning (17): Weaning screening or not
(18,19)? We consider either of the following screening
item has been done by assess clinician. The answer is
“yes”, otherwise is “no”. The details see Table 1.

®,

% Part 4-The following items may be screened
(details in https://cdn.amegroups.cn/static/
public/10.21037jtd-21-1217-1.docx):

O "The situation of circulation system (including heart
rate, mean arterial pressure, Electrocardiograph
and Pro-BNP).

(I)  Respiratory mechanics index, perfusion related
index (including arterial blood gas analysis,
central venous blood gas analysis and blood
lactic acid level).

(IIT)  Blood routine (20).

(IV) PCT.

(V)  Biochemical experiment data.

(VI)  Cuff-leak test (21).

(VII) Cough strength assessment (1able 2).

(VII) Characteristic of secretion of endotracheal or
oral.

(IX)  Use of vasopressors/sedatives/analgesics (27).

(X)  Psychological situations (28).

(XI)  Blood glucose, serum cortisol.

(XII) Abdominal situation (girth and pressure).

(XMI) Four limbs muscle strength.

% Part 5-Weaning processing (details in https://cdn.
amegroups.cn/static/public/10.21037jtd-21-1217-1.
docx):

) Weaning method (SBT or not) (18,19).

(II) The first SBT method, the first SBT
postprocessing.

(III)  The total duration of SBT.

(IV)  Ventilatory support methods after weaning at

day 1 and day 2 (29).
% Part 6-Post-weaning situation (details in https://cdn.
amegroups.cn/static/public/10.21037jtd-21-1217-1.

docx):

) The time from initiating MV to first weaning.

(I)  Reintubation situation (reintubation within 48
hours after extubation or not).

(1)  Total MV time, length of stay in hospital

before or after ICU.
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Table 2 Cough strength assessment

Wang et al. Weaning critically ill patients

No. Details

Method 1 Spirometry —A spirometer (specifically designed for mechanical ventilators) was inserted into the ventilator circuit and the
patient was then instructed to cough. PEF during the cough was measured. Most experts use a cutoff of PEF <60 L/min
since this indicates a high likelihood of failure. Patients with a PEF <60 L/min are five times more likely to require reintubation

compared with patients with a PEF >60 L/min (22,23)

Method 2 Index card—The ETT was detached from the ventilator circuit and a card (e.g., an index card) was held approximately 1 to
2 cm from the proximal end of the ETT. The patient was then instructed to cough. A patient who is unable to moisten the card
with 3 to 4 coughs was three times more likely to fail extubation compared with a patient who can moisten the card (24,25)

Method 3 Cough strength was assessed informally during deep (endotracheal) suctioning at the bedside depending on clinicians’

experience (26)

ETT, endotracheal tube.

(IV)  Total length of stay in ICU and hospital.
(V)  Complications of MV.

(VI)  Prognosis.

(VII) The cost in ICU and hospital.

Study endpoints

Primary outcomes

The weaning success rate in different centers and overall
will be determined through analysis of data from each
center. In addition, the variate related to successful weaning,
and steps most clinicians will take before or after weaning
will be explored. A weaning model will be established to
provide an appropriate strategy and provide information on
the duration of weaning.

Weaning Success and Failure Definitions: According to the
definition provided by the 2007 International Task Force,
weaning success is established when a patient who has just
been extubated does not require ventilatory support for
at least 48 h after the extubation procedure. Accordingly,
weaning failure is characterized by: (I) an unsuccessful SBT,
(I) reintubation/recannulation and/or the resumption of

MYV, or (IIT) death within 48 hours of extubation (30,31).

Secondary outcomes

The following data and events will be assessed as
clinical outcomes: ventilator-free days within 28 days,
reintubation within 48 hours after extubation (32), need for
tracheostomy during weaning process after first SBT, length
of stay in ICU and hospital, mortality in ICU and hospital,
mortalities in ICU, post-ICU, and hospital, and type of
hospital discharge.

© Journal of Thoracic Disease. All rights reserved.

Potential predictors

Based on the previous studies and our clinical experience,
we will select the following potential predictors in the
current study.
(I) Respiratory (such as Bronchospasm, pneumonia)
(20,26).
(IT) Circulation (such as BNP, CVP, CI, urinary output,
fluid balance) (33).

Statistical analysis

After determination of normality of data, continuous
variables will be presented as means and standardized
deviations (SDs), or median and interquartile range (IQR),
whereas categorical variables will be presented as frequencies
and proportion. For univariate analysis, # tests (or Wilcoxon
rank sum test) and ANNOVA (or Kruskal-Wallis test) will
be performed for comparisons for continuous variables, and
% tests will be used for comparisons for categorical variables
among groups. According to the results of univariate
analysis, we will preliminarily select the potential predictors
for the multiple analysis. Then, multiple regression models
will be used to estimate the association between potential
predictors and the outcomes of interest. For continuous
dependent variables such as length of stay in ICU and
hospital, multiple linear regression models will be used.
For categorical dependent variables such as the success of
weaning, logistic regression or Cox regression models will
be used (31-35). Given that patients in different centers may
have different clinical characteristics, random effects term
are added in models to control the related bias (36).
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Based on the above models, we can identify the
significant predictors and construct the predicted models.
The predictors in models will be further refined based on
the R’, root mean square error (RMSE), Akaike Information
Criterion (AIC), and Bayesian Information Criterion (BIC).
In addition, half participants will be randomly selected as
trained samples and used to reconstruct the refined model
with the same predictors. Another half participants will
be used to test the accuracy of our model, which will be
measured by sensitivity and specificity.

All analyses will be conducted using R software (V3.6.1,
R Development Core Team). All testes are 2-tailed, and
P<0.05 is considered statistically significant.

Discussion

Weaning from MV is important however, studies on
weaning report contradicting findings. Burns et al.
conducted an international prospective observational study,
and reported that use of specific strategies to discontinue
MV in critically ill patients is important. However, studies
methods for weaning and discontinuing MV in practice or
the association between different discontinuation strategies
and outcomes are few (37). Therefore, studies should
explore weaning from MV to identify the most effective and
efficient methods and for quality improvement. As we knew,
the rapid shallow breathing index (RSBI) was widely used
by clinicians to support decision-making during weaning
and to predict the likelihood of successful weaning from
invasive mechanical ventilation (IMV) (38). The earliest
study conducted by Yang and Tobin proposed that an RSBI
of <105 (rounded <100 in some studies) measured using
a Wright’s spirometer and without ventilator support was
identified as a threshold less than which extubation was
more likely to be successful (sensitivity, 0.97; specificity,
0.64) for most patients (39). This threshold of RSBI is still
accepted by most clinicians in nowadays. Recently, another
major meta-analysis has pointed that across 48 studies
(10,946 patients), the RSBI showed not perfect enough for
predicting extubation success (sensitivity, 0.83; specificity,
0.58), with no credible subgroup effects based on thresholds,
measurement techniques, or patient characteristics (40).
The writer considers RSBI is a simple measure of
respiratory mechanics. Patients in different ICUs (e.g.,
medical, surgical, cardiovascular, and neurologic) may
have variable respiratory drive and clinical indications for
ongoing IMV. These differences may preclude clinicians
from using the RSBI in directing weaning from IMV.

© Journal of Thoracic Disease. All rights reserved.
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Several studies on PO.1 are available. In a study by
Delisle, the findings showed that P0.1 has significantly
high sensitivity and specificity to better guide invasive MV
weaning and was used to develop the CORE index (41).
A recent systematic review and meta-analysis conducted
by Baptistella et al. (15) reported that each study on PO0.1
included in meta-analysis has shortcomings. Although this
analysis showed the potential ability of P0.1 to predict
successful weaning, the true sensitivity and specificity of
P0.1 still are not clear. In Mallat et 4l. (42), central venous-
to-arterial pCo,difference and central venous oxygen
saturation during SBT, were independent predictors of
weaning outcomes. Combination analysis of both parameters
enhanced their diagnostic performance and provided
excellent predictability in extubation failure detection
in critically ill patients. A study by Teixeira er al. (43)
reported that central venous saturation was an early and
independent predictor of extubation failure in difficult-to-
wean patient. However, the central venous gas blood test
may not be detected before extubation, therefore, studies
should explore it further.

Previous studies showed that simple, difficult and
prolonged weaning could occur in 58%, 29% and 13%
patients, respectively (44). ICU clinicians attend to several
MYV patients every day, and weaning is an important
consideration for clinicians. Notably, timely weaning from
MV is important. A recent meta-analysis by Blackwood
et al. (45), reported that in most trials, protocol-based
weaning reduces the duration of MV, weaning, and ICU
length of stay. However, approximately 15% of patients
receiving MV required a prolonged process of weaning
and experience higher mortality (46,47). An international
consensus conference on weaning from MV in 2005
proposed that weaning should be categorized into three
groups (simple, difficult, and prolonged) based on the
difficulty and duration of the weaning process (30).
However, this classification was based on expert opinion
and not rigorous analysis of a cohort of ventilated patients.
A study by Jeong et al. (11) categorized patients into three
groups (simple, difficult, and prolonged), however, the
classification in this research was based on patients' weaning
process. The findings of the study showed that weaning
classification based on difficulty and duration of the weaning
process may provide prognostic information for patients
under MV who undergo the weaning process, especially in
patients with prolonged weaning.

Several factors are associated with clinical outcomes
in mechanically ventilated patients who are subsequently
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weaned from MV, however, the effective factor for clinical
use is not known. Therefore, there is a need to establish a
clinical weaning prediction model. The weaning practices
may vary nationally as shown by varying findings from
studies conducted in other countries (48). In addition, the
initial MV reason especially factors related to pneumonia
may lead to a poor clinical outcome. Therefore, a
multicenter retrospective cohort study will be conducted to
explore the present weaning methods used in China.

Acknowledgments

We would like to thank GDCCRP (Guangdong Critical
Care Research Group) for the assistance.

Funding: This study was supported by Emergency Key
Program of Guangzhou Laboratory (Grant No. EKPG21-
17), National Natural Science Funds of China (Grant
No. 81900285), Science and Technology Program of
Guangzhou, China (Grant No. 202002030317), The Special
Project of Guangdong Science and Technology Department
(2020B1111340016) and Guangdong Basic and Applied
Basic Research Foundation (Grant No. 2020A1515010242).

Footnote

Reporting Checklist: The authors have completed the SPIRIT
reporting checklist. Available at https://jtd.amegroups.com/
article/view/10.21037/jtd-21-1217/rc

Peer Review File: Available at https://jtd.amegroups.com/
article/view/10.21037/jtd-21-1217/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://jtd.amegroups.
com/article/view/10.21037/jtd-21-1217/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study will be
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). Ethics approval for the trial was obtained
only from the main center - Institutional Review Board
of the First Affiliated Hospital of Guangzhou Medical
University (Medical Research Ethics Review 2021. No. 1).
The Institutional Review Board waived the need for written
informed consent from the patients due to the retrospective

© Journal of Thoracic Disease. All rights reserved.

Wang et al. Weaning critically ill patients
nature of the study.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Coplin WM, Pierson DJ, Cooley KD, et al. Implications
of extubation delay in brain-injured patients meeting
standard weaning criteria. Am ] Respir Crit Care Med
2000;161:1530-6.

2. Esteban A, Alia I, Tobin MJ, et al. Effect of spontaneous
breathing trial duration on outcome of attempts to
discontinue mechanical ventilation. Spanish Lung
Failure Collaborative Group. Am J Respir Crit Care Med
1999;159:512-8.

3. [Esteban A, Alia I, Ibafiez J, et al. Modes of mechanical
ventilation and weaning. A national survey of Spanish
hospitals. The Spanish Lung Failure Collaborative Group.
Chest 1994;106:1188-93.

4. Ely EW, Baker AM, Dunagan DP, et al. Effect on the
duration of mechanical ventilation of identifying patients
capable of breathing spontaneously. N Engl ] Med
1996;335:1864-9.

5. Vallverdd I, Calaf N, Subirana M, et al. Clinical
characteristics, respiratory functional parameters, and
outcome of a two-hour T-piece trial in patients weaning
from mechanical ventilation. Am J Respir Crit Care Med
1998;158:1855-62.

6. Epstein SK, Nevins ML, Chung J. Effect of unplanned
extubation on outcome of mechanical ventilation. Am J
Respir Crit Care Med 2000;161:1912-6.

7. Vaschetto R, Longhini F, Persona P, et al. Early extubation
followed by imme-diate noninvasive ventilation vs.
standard extubation in hypoxemic patients: a ran-domized
clinical trial. Intensive Care Med 2019;45:62-71.

8. Béduneau G, Pham T, Schortgen E et al. Epidemiology of
Weaning Outcome according to a New Definition. The
WIND Study. Am J Respir Crit Care Med 2017;195:772-83.

9.  Funk GC, Anders S, Breyer MK, et al. Incidence and

outcome of weaning from mechanical ventilation

7 Thorac Dis 2022;14(1):199-206 | https://dx.doi.org/10.21037/jtd-21-1217


https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/prf
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/coif
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1217/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Thoracic Disease, Vol 14, No 1 January 2022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

according to new categories. Eur Respir ] 2010;35:88-94.
Kollef MH, Shapiro SD, Silver P, et al. A randomized,
controlled trial of pro-tocol-directed versus physician-
directed weaning from mechanical ventilation. Crit Care
Med 1997;25:567-74.

Jeong BH, Ko MG, Nam ], et al. Differences in clinical
outcomes according to weaning classifications in medical
intensive care units. PLoS One 2015;10:¢0122810.
Jordan J, Rose L, Dainty KN, et al. Factors that

impact on the use of mechanical ventilation weaning
protocols in critically ill adults and children: a qualitative
evi-dence-synthesis. Cochrane Database Syst Rev
2016;10:CD011812.

Ye Y, Zhu B, Jiang L, et al. A Contemporary Assessment
of Acute Mechanical Ventilation in Beijing: Description,
Costs, and Outcomes. Crit Care Med 2017;45:1160-7.
Vincent JL,, Moreno R, Takala J, et al. The SOFA (Sepsis-
related Organ Failure Assessment) score to describe
organ dysfunction/failure. On behalf of the Working
Group on Sepsis-Related Problems of the European
Society of Intensive Care Med-icine. Intensive Care Med
1996;22:707-10.

Baptistella AR, Sarmento FJ, da Silva KR, et al. Predictive
factors of weaning from mechanical ventilation and
extubation outcome: A systematic review. ] Crit Care
2018;48:56-62.

Schénhofer B, Geiseler J, Dellweg D, et al. Prolonged
Weaning: S2k Guideline Published by the German
Respiratory Society. Respiration 2020. [Epub ahead of
print].

Maclntyre NR, Cook D], Ely EW Jr, et al. Evidence-
based guidelines for weaning and discontinuing ventilatory
support: a collective task force facilitated by the American
College of Chest Physicians; the American Association for
Respiratory Care; and the American College of Critical
Care Medicine. Chest 2001;120:375S-95S.

Santos Pellegrini JA, Boniatti MM, Boniatti VC, et al.
Pressure-support venti-lation or T-piece spontaneous
breathing trials for patients with chronic obstructive
pulmonary disease - A randomized controlled trial. PLoS
One 2018;13:¢0202404.

Thille AW, Coudroy R, Gacouin A, et al. T-piece

versus pressure-support ven-tilation for spontaneous
breathing trials before extubation in patients at high risk
of reintubation: protocol for a multicentre, randomised
controlled trial (TTP-EX). BMJ Open 2020;10:¢042619.
Lai YC, Ruan SY, Huang CT, et al. Hemoglobin levels and

weaning outcome of mechanical ventilation in difficult-

© Journal of Thoracic Disease. All rights reserved.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

205

to-wean patients: a retrospective cohort study. PLoS One
2013;8:e73743.

Kriner EJ, Shafazand S, Colice GL. The endotracheal
tube cuff-leak test as a predictor for postextubation stridor.
Respir Care 2005;50:1632-8.

Epstein SK. Putting it all together to predict extubation
outcome. Intensive Care Med 2004;30:1255-7.

Smina M, Salam A, Khamiees M, et al. Cough peak flows
and extubation out-comes. Chest 2003;124:262-8.
Khamiees M, Raju P, DeGirolamo A, et al. Predictors

of extubation outcome in patients who have successfully
completed a spontaneous breathing trial. Chest
2001;120:1262-70.

Salam A, Tilluckdharry L, Amoateng-Adjepong Y, et

al. Neurologic status, cough, secretions and extubation
outcomes. Intensive Care Med 2004;30:1334-9.

Beuret P, Roux C, Auclair A, et al. Interest of an objective
evaluation of cough during weaning from mechanical
ventilation. Intensive Care Med 2009;35:1090-3.

Mehta S, Burry L, Cook D, et al. Daily sedation
interruption in mechanically ventilated critically ill
patients cared for with a sedation protocol: a randomized
controlled trial. JAMA 2012;308:1985-92. Erratum in:
JAMA 2013;309:237.

Ouellette DR, Patel S, Girard TD, et al. Liberation
From Mechanical Ventilation in Critically IIl Adults: An
Official American College of Chest Physicians/American
Thoracic Society Clinical Practice Guideline: Inspiratory
Pressure Augmentation During Spontaneous Breathing
Trials, Protocols Minimizing Sedation, and Nonin-
vasive Ventilation Immediately After Extubation. Chest
2017;151:166-80.

Subira C, Hernidndez G, Vizquez A, et al. Effect of
Pressure Support vs T-Piece Ventilation Strategies During
Spontaneous Breathing Trials on Successful Extuba-tion
Among Patients Receiving Mechanical Ventilation: A
Randomized Clinical Trial. JAMA 2019;321:2175-82.
Boles JM, Bion J, Connors A, et al. Weaning from
mechanical ventilation. Eur Respir ] 2007;29:1033-56.
Thille AW, Boissier F, Ben Ghezala H, et al. Risk factors
for and prediction by caregivers of extubation failure

in ICU patients: a prospective study. Crit Care Med
2015;43:613-20.

Saiphoklang N, Auttajaroon J. Incidence and outcome

of weaning from me-chanical ventilation in medical
wards at Thammasat University Hospital. PLoS One
2018;13:e0205106.

. Liu L, Yin C, Zhi Y, et al. Preliminary establishment of

7 Thorac Dis 2022;14(1):199-206 | https://dx.doi.org/10.21037/jtd-21-1217



206

34.

35.

36.

37.

38.

39.

40.

weaning prediction model. Zhonghua Wei Zhong Bing Ji
Jiu Yi Xue 2020;32:171-6.

Krielen P, Stommel MW], Pargmae P, et al. Adhesion-
related readmissions after open and laparoscopic surgery:
a retrospective cohort study (SCAR update). Lancet
2020;395:33-41.

Peacock J, Peacock P. Oxford Handbook of Medical
Statistics. Oxford Uni-versity Press, 2020.

Vail E, Gershengorn HB, Hua M, et al. Association
Between US Norepinephrine Shortage and

Mortality Among Patients With Septic Shock. JAMA
2017;317:1433-42.

Burns KEA, Rizvi L, Cook DJ, et al. Variation in the
practice of discontinuing mechanical ventilation in critically
ill adults: study protocol for an international prospective
observational study. BMJ Open 2019;9:¢031775.

Burns KEA, Raptis S, Nisenbaum R, et al. International
Practice Variation in Weaning Critically Il Adults from
Invasive Mechanical Ventilation. Ann Am Thorac Soc
2018;15:494-502.

Yang KL, Tobin MJ. A prospective study of indexes
predicting the outcome of trials of weaning from
mechanical ventilation. N Engl ] Med 1991;324:1445-50.
Trivedi V, Chaudhuri D, Jinah R, et al. The Usefulness
of the Rapid Shallow Breathing Index in Predicting
Successful Extubation: A Systematic Review and Meta-

Cite this article as: Wang Y, Lei L, Yang H, He S, Hao ],
Liu T, Chen X, Huang Y, Zhou J, Lin Z, Zheng H, Lin X,
Huang W, Liu X, Li Y, Huang L, Qiu W, Ru H, Wang D,
Wu J, Zheng H, Zuo L, Zeng P, Zhong ], Rong Y, Fan M, Li ],
Cai S, Kou Q, Liu E, Lin Z, Cai J, Yang H, Li E;, Wang Y, Lin X,
Chen W, Gao Y, Huang S, Sang L, Xu Y, Zhang K. Weaning
critically ill patients from mechanical ventilation: a protocol
from a multicenter retrospective cohort study. ] Thorac Dis

2022;14(1):199-206. doi: 10.21037/jtd-21-1217

© Journal of Thoracic Disease. All rights reserved.

41.

42.

43.

45.

46.

47.

48.

Wang et al. Weaning critically ill patients

analysis. Chest 2022;161:97-111.

Delisle S, Francoeur M, Albert M, et al. Preliminary
evaluation of a new index to predict the outcome of a
spontaneous breathing trial. Respir Care 2011;56:1500-5.
Mallat J, Baghdadi FA, Mohammad U, et al. Central
Venous-to-Arterial PCO2 Difference and Central Venous
Oxygen Saturation in the Detection of Extubation Failure
in Critically Ill Patients. Crit Care Med 2020;48:1454-61.
Teixeira C, da Silva NB, Savi A, et al. Central venous
saturation is a predictor of reintubation in difficult-to-
wean patients. Crit Care Med 2010;38:491-6.

. PuL, Zhu B, Jiang L, et al. Weaning critically ill patients

from mechanical ventilation: A prospective cohort study. ]
Crit Care 2015;30:862.e7-13.

Blackwood B, Alderdice F, Burns K, et al. Use of weaning
protocols for reducing duration of mechanical ventilation
in critically ill adult patients: Cochrane system-atic review
and meta-analysis. BM]J 2011;342:¢7237.

Jeganathan N, Kaplan CA, Balk RA. Ventilator Liberation
for High-Risk-for-Failure Patients: Improving Value of the
Spontaneous Breathing Trial. Respir Care 2015;60:290-6.
Epstein SK. Weaning from ventilatory support. Curr Opin
Crit Care 2009;15:36-43.

Burns KEA, Rizvi L, Cook D], et al. Ventilator Weaning
and Discontinuation Practices for Critically Ill Patients.
JAMA 2021;325:1173-84.

7 Thorac Dis 2022;14(1):199-206 | https://dx.doi.org/10.21037/jtd-21-1217



Supplementary

Table S1 The complete list of 17 hospitals included

Number Hospital name City

1 The First Affiliated Hospital of Guangzhou Medical University Guangzhou

2 Guangdong Cardiovascular Institute, Guangdong Provincial People’s Hospital Guangzhou

3 Guangdong Hospital of Traditional Chinese Medicine Zhuhai

4 Huizhou First Hospital Huizhou

5 The First Affiliated Hospital of Shantou University Medical College Shantou

6 The First Affiliated Hospital of Guangdong Pharmaceutical University Guangzhou

7 The First Affiliated Hospital of Sun Yat-sen University Guangzhou

8 Shunde Hospital of Southern Medical University Foshan

9 Shunde Hospital Guangzhou University of Chinese Medicine (Shunde District Hospital of Foshan
Chinese Medicine of Foshan City)

10 The Third Affiliated Hospital of Sun Yat-sen University-Lingnan hospital Guangzhou

11 Zhongshan People’s Hospital Zhongshan

12 Foresea Life Insurance Guangzhou General Hospital Guangzhou

13 Guangzhou Panyu Central Hospital Guangzhou

14 The Third Affiliated Hospital of Southern Medical University Guangzhou

15 The Third Affiliated Hospital of Sun Yat-sen University Guangzhou

16 The First Affiliated Hospital of Guangzhou University of Chinese Medicine Guangzhou

17 The First Affiliated Hospital of Jinan University Guangzhou

China Hospitals are located in

Guangdong province

Figure S1 The geographic location of the hospitals included.
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