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Abstract

Mechanical ventilation is currently the most widely used supportive therapy for the treatment of moderate and
severe hypoxemia of any etiology. However, the decision of "when" is the right time to initiate the withdrawal of this
support is currently a matter of debate worldwide. Many authors describe that the disconnection process should be
gradual and in compliance with standards that provide safety to this process; while other authors report that it is not
feasible to establish a universal standard since each patient would have a unique behavior that would be difficult to
establish in a protocolized manner.

The present review represents an extensive search for evidence in an attempt to clarify this issue, generating
evidence from a consensus of experts at international level, based on a broad review of the literature.
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Levels of recommendation

For this review, we used the "traffic light" criteria to
define the level of recommendation according to the
evidence reviewed: GREEN for studies with robust
designs  (systematic  reviews, meta-analyses,
randomized clinical trials), YELLOW for studies with
smaller designs (observational, longitudinal, society
recommendations) and finally RED for descriptive
studies or studies with robust designs but indicating
contraindications for a certain therapy (Figure 1).

EVIDENCE LEVEL

Highly recommended

Not recommended

Figure 1: Traffic light criteria

Introduction

Mechanical ventilation (MV) is one of the
fundamental pillars of critical patient management.
Once the pathology instigating the need for MV is
resolved, or at least is in the process of resolving, 1 it
is essential to direct efforts so that the patient
recovers full ventilatory autonomy and is successfully
weaned and liberated from the mechanical ventilator.

What was previously defined as weaning is now
called the mechanical ventilator weaning process, 2
and refers to the period of transition and withdrawal
of positive pressure ventilatory support once the
acute respiratory failure has been resolved. For its
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realization, the recovery of spontaneous ventilation is
a fundamental requirement.

Some authors consider weaning as the process by
which ventilatory support is gradually reduced, 3 while
others consider it simply as the "release" of the
mechanical ventilator. 4

Tobin 5 proposed six stages in the ventilatory support
process, from intubation and initiation of MV through
weaning to weaning and successful extubation:

1. Treatment of Acute Respiratory Failure
2. Suspicion that weaning is possible

3. Assessment of readiness for weaning
4. Spontaneous Breathing Trial (SBT)

5. Extubation

6. Possible reintubation

Shortening ventilatory support times translates
into a decreased risk of health care-associated
morbidities (such as mechanical ventilator-associated
pneumonia, ventilator induced lung injury,
diaphragmatic dysfunction), and prolonged use
increases mortality rates, ¢ associated costs 5 and
consumption of critical resources. 7

We propose three stages in the MV release process,
which are described in the following algorithm (Figure
2).

1. Initial stage: defined as the transition from a
controlled assisted mode to a partial support mode
(Pressure Support Ventilation-PSV plus Continuous
Positive Airway Pressure-CPAP/PEEP).

2. Weaning stage: is considered to evaluate the
subject's ability to breathe spontaneously, in a
progressive manner, and is defined as the period in
which several tests are performed in order to have a
safety range to advance to the "next" step.

3. Consolidation of extubation stage: is the critical
period in which there is the probability of the
development of factors that could determine the
failure of the process. The predictability to achieve
the success of this event is the fundamental pillar to
reduce the rate of failed extubation and therefore of
reintubation, which increases the risk of related
hospital mortality by up to 30%. 8
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Figure 2. Algorithm of the phases for the release of mechanical ventilation.
CMV: continuous mandatory ventilations, PS: pressure support, SBT: spontaneous breathing trial, AW: airway, NIV: noninvasive

ventilation, HFOT: high-flow oxygen therapy

Initial stage

Corresponds to the period in which the patient has
achieved clinical stabilization. Once the etiology of
the pathology has been identified, stabilization is
achieved and it is on the way to resolution, this phase
is determined, which marks the beginning of
weaning.

The patient who, in the opinion of the ICU team
would be in a weaning condition, must meet some
eligibility criteria that ensure a high effectiveness of
the process, and thus ensure its success. If the
following criteria are met, the patient may be
considered ready to advance to the next phase:

1. PalFiO; > 150 °® and PEEP <10 cmH20
Hemodynamic stability with minimal, or
preferably no vasopressor support.

3. Absence of fever or ongoing infection/sepsis

4. Absence of delirium, Glasgow Coma Scale 2
8 pts

5. Autonomy and triggering capacity ( ): 100
to -2 cmH20; not more than -6 cmH20).

6. Optimized oxygen delivery (DO.) defined
as oxygen supply (Lactate: 0.5-1.6 mmol/L).
A. Hb 7 - 8 mg/dl (except in chronic anemia,
evaluate case by case).

7. Neutral accumulated water balance.

8. Acid-base balance preserved (pH: 7.35 -
7.45; in most cases > 7.25 has been
accepted).
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9. Plasma electrolytes in normal range (Na 135
to 145 mEq/L, K 3.7 to 5.2 mEq/L).
10. Evaluate the risk-benefit ratio of the use of
(increases
the risk of neuropathy, among others). '

A. Indicated in the presence of high
probability of failure due to high
airway involvement.

11. No new changes in the control chest X-ray.
e  After 24 hours of stability (P/F >150), if

FiO, remains <0.6, PEEP should be

reduced at a rate of 2 cmH20 every 8

hours. 12

o Baseline value: < 10 cmH20. 13

o Final value: will depend on the

existence or not, of previous
pathologies of the subject. A minimum
value of 5 cmH:0 is considered.
e If during weaning a progressive increase
of FiO2 >0.1 with respect to the initial
PEEP value is required, the previous
PEEP should be programmed.

It is important to note that, although these would be
ideal and safe conditions, many patients could be
successfully extubated without having met all the
criteria, so they should not be considered as
absolutes and it is rather recommended to analyze
them as components of an individualized global
clinical evaluation
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Weaning stage

By definition, weaning 2 is the transition from a
controlled assisted mode to a partial support mode
(PSV/CPAP). This step should be implemented as
soon as the initial phase is determined, depending
on the patient's overall evolution. It is important to
remember that Synchronized Intermittent
Mandatory Ventilation (SIMV) is less favored mode
for weaning because it has been correlated with a
higher failure rate of the process. '# In this phase the
patient, at a minimum, should be able to:

Table 1: Clinical evaluation to be performed in the weaning stage

1. To ventilate autonomously and
spontaneously.

2. Easily arousable or understand and follow
commands.

3. Meet minimum criteria of optimal muscular
performance, according to the test and
protocolized measurement in each ICU.

4. Efficiently maintain airway protection.

These tests should be performed daily until it is
concluded that the ideal conditions for continuing the
process are in place (Table 1). Additionally, the
spontaneous ventilation test is performed.

SAS: Sedation-Agitation Scale; RASS: Richmond Agitation-Sedation Scale; GCS: Glasgow Coma Scale; PEEP: Positive End

Expiratory Pressure; Vd/Vt: dead space fraction

Sedation/Awareness Respiratory Hemodynamic
-SAS 4 - Establish a Pressure Support needed to - Systolic blood pressure >90 - <180
-RASS -2-1 maintain Vt 6 - 8 ml/kg of ideal weight. mmHg
-GCS > 8 pts - PEEP =10 cmH20 - Diastolic blood pressure < 90 mmHg

60 mmHg).

- Arterial gases: rule out hypoxemia (PaO2 = | - Mean arterial pressures > 60 mmHg

- Heart rate < 100 bpm

- Evaluate adequate thoracic excursion and | - On low dose of vasopressor therapy
without use of accessory musculature.
- Volumetric Capnography: Vd/Vt < 0.6
- Respiratory rate < 30—35 /min

equivalent to norepinephrine drip < 0.1
mcg/Kg/min

It is considered that there are
15

- Simple: when the subject succeeds in being
extubated after the first trial of spontaneous
breathing.

- Difficult: when the subject manages to be
extubated after 2 or 3 trials of spontaneous
breathing; or less than 7 days after the first
trial.

- Prolonged: when the subject could not be
extubated after 3 attempts, or when the
process takes more than 7 days.

Spontaneous Breathing Trial (SBT)

In this phase, the patients can demonstrate that they
are capable of freeing themselves from the
mechanical ventilator.

Traditionally the Frequency/Vt index (Rapid Shallow
Breathing Index - RSB) is used to quantify the
ventilatory autonomy capacity ideally on no
ventilatory support through T-tube; but, considering
that a recent clinical trial showed that there is no
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difference when using T-tube or PSV+CPAP/PEEP,
6 and given the high aerosolization capacity implied
by the use of the T-tube, the exhaled air must be
filtered, especially in contagious respiratory
pathologies. The option for these cases would be:

e SBT can be performed with PSV +
CPAP/PEEP (7 and 5 cmH;0 respectively)
and FiO; £ 0.4 1722 for 30 minutes. 2 If the
test fails, it should be performed 24 hours
later, until the best time to extubate the
patient is determined. 2* The 24-hour wait
corresponds to a period in which the ICU
team evaluates and corrects the causes of
SBT failure and allow the patients muscles
rest and recovers from fatigue.®

e |tis debatable to use (in
PSV+/- CPAP/PEEP) after the test and prior
to extubation, 25 since there is contradictory
evidence on this point. 26

e The use of assisted proportional ventilation
could be benéeficial in this phase, when this
resource is available, since this tool has been
shown to be an alternative with similar
results. 7
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It is recommended to monitor some variables
(predictors) during the procedure, between 30 and
120 minutes 2&

1. Airway defense capacity: adequate
cough, 2° evaluated by:

A. Peak Flow 2 performed with the
patient connected to the mechanical
ventilator | (60 L/min with Pressure
Support: 7 cmH20 and PEEP 5
cmH:0), or with a peak Flow meter
connected directly to the
endotracheal tube.

B. Low amount of secretions (< 2.5
ml/suction). 3

C. Frequency of suctioning 2%: no more
than 1 suction within 2 hours.

2. PaO-/FiO; greater than 150, FiOz2 less
than 0.6.

3. (Respiratory muscle tension-time
index) (Ti/T tot) x (Pdi/Pdi max) < to 0.15
Pdi: transdiaphragmatic pressure. 3233

4. NIF/MIP: (Negative inspiratory force,
Maximum inspiratory pressure) a range
between -10 and -20 cmH20 ¥ is
considered acceptable.

5. AHb: If Hb at the 30th minute of the test
increases 6% with respect to baseline (at
the beginning of the test), it implies
cardiac failure and therefore extubation
should be desisted. 3435

6. > 275 pg/mL without previous heart
disease; or in patients with previous heart
failure, a value > 12% over the initial
value - before and at the end of SBT. 3

7. Echocardiogram: Ideally, if available,
perform this procedure and evaluate RA
volume and right ventricle ejection
fraction. 37

8. Hemodynamics: should remain
normotensive (MAP <100 mmHg) and
normocardial (HR < 100 bpm).

9. Respiratory work: should not present
increased RR, (25 - 30), adequate pump

Table 2: Variables that determine failed weaning

work: visualize thoracic excursion and do
not present use of accessory
musculature.

10. Ultrasound evaluation of the
diaphragm: measurement of
diaphragmatic thickness allows
assessment of the thickening fraction
(TF). ATF > 30% is associated with
greater success in weaning. 38

If the patient effectively fulfills these conditions, they
are considered ready to be extubated.

It is important to emphasize that the use of these
predictors should be in accordance with the local
protocols of each unit; it is recommended to use
those with which the medical team is most familiar.
Finally, it is not necessary to comply with all the
variables mentioned above.

e Failed extubation
Failed extubation is defined as the need for
reintubation within 48 hours after its
execution. 3° Failure is usually multifactorial, it
could be of common etiology with those of
failed weaning or could also be caused by
upper airway obstruction. 17

¢ Failed weaning
This occurs if during the SBT process the
patient develops a certain degree of
deterioration that prevents progressing
towards the extubation process. There are
some variables that determine failed
weaning. (Table 2)

According to current reports, the average number of
days on mechanical ventilation in patients with Covid-
19 for example, was around 14 days. In this context,
there is a pragmatic recommendation to consider
progressing weaning through tracheostomy, 40
however, it will always be subject to the experience
and management of each unit according to their
internal protocols.

Respiratory

Cardiovascular

Neurologic

- Tachypnea

- Increased work of breathing

- Desaturation and increase in FiO2
requirement

- Hypoxemia

- Tachycardia or arrhythmias
- Hypertension / hypotension
- Altered A Hb

- Confusional state (delirium) 4
- Diaphoresis
- Agitation/delirium

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1
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Extubation process

To ensure an adequate and safe process, the
following is recommended:

- Have the patient in the fowler position, at a
45° angle.

- Perform bronchial hygiene before the
spontaneous ventilation test.

- Maintain the previously
used in invasive ventilation and before
performing the spontaneous breathing test.

- Perform and
comparatively monitor the difference between
inspired and exhaled volumes.

Table 3: Variables that could determine extubation failure

Extubation consolidation stage

After a successful weaning process, extubation
follows, which can also be successful or failure.
Extubation failure is defined as inability to maintain
spontaneous breathing after removal of the artificial
airway; and the need for reintubation within a
specified period of time, within 24-72 hours. 4243 In
most studies, weaning failure is defined as failure of
spontaneous ventilation or need for reintubation
within 48 hours after extubation. 1734 Extubation
failure has also been defined as reintubation or death
within 7 days after extubation. 44

The reasons for extubation failure are often
multifactorial and are listed in Table 3.

Prolonged MV (>7 days)

Acquired weakness in the ICU

inability to mobilize secretions)

Impaired respiratory function (atelectasis, post-extubation pulmonary edema, upper airway obstruction,
hypercapnia, hypoxemia and/or decreased hemoglobin saturation, increased work of breathing, absolute

dysfunction of the left ventricle).

Cardiovascular disturbances (rhythm disturbances, significant changes in blood pressure, severe systolic

Neurological disturbances (loss of consciousness, poor ventilatory pump response due to underlying disease)

Psychological disturbances (fear of assuming spontaneous ventilation, uncontrollable panic, delirium). 45

One cause that can lead to reintubation is edema of
the structures that were in contact with the artificial
airway. The use of does not seem to
reduce the need for reintubation; however, their use
has been recommended as a predictor for the
identification of subglottic edema during the leak test
before extubation. 44 However, in the context of
Covid-19 patients, it has been seen that the use of
systemic corticosteroids used prophylactically
decreases the risk of stridor post extubation, so that a
short cycle for 24 hours prior to repeating the cuff
leak test could be recommended for patients at high
risk of reintubation. This is similar to what happens in
patients with laryngeal stridor. 46

The leak volume (or ) has been defined
as the difference between inspired and exhaled tidal
volume and is expressed in leak percentages taking
as 100% the average inspired tidal volume 47; values
of air leak less than 110 ml on average approximately
in 6 breaths, as well as values less than 10% of the
tidal volume 48 indicate a high risk of post-extubation
laryngeal stridor. A recent multicenter study found
that stridor following extubation occurs in less than
10% of unselected critically ill patients. Furthermore,
the various pneumotachometer cuff leak tests show
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limited diagnostic performance for the stridor
detection, so given the high false positive rate,
routine leak testing may expose the patient to undue
prolonged mechanical ventilation. 4° However, it is
important to consider that the variable that most
predicts the risk of developing edema, stridor or
reintubation is the leak volume. %0 In the presence of
any respiratory pathology that implies a high level of
contagion, given the high level of aerosolization, it is
not recommended to perform this test. In case the
leak volume test is positive, a new test should be
performed 4 hours after the administration of
systemic glucocorticoids. 5

Diaphragmatic dysfunction assessed by
ultrasound has not been associated with an
increased risk of extubation failure. Difficult weaning
has been associated with ICU-acquired muscle
weakness, an abnormality that also affects the
diaphragm. %2

, one of the main mechanisms of airway
protection may be depressed or weak, which may
contribute to extubation failure due to inability to
manage secretions. In a multivariate analysis,
ineffective cough was the only factor that remained
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independently associated with extubation failure. 42
This result is closely related to another study showing
that clinically assessed ineffective cough was a
stronger predictor of extubation failure than ICU-
acquired muscle weakness. %2 This assessment tool
as a predictor of extubation failure may be limited by
the risk of aerosolization of certain respiratory
pathologies; and therefore, can be replaced by Peak
Flow measurement.

Extubation T

Metabolic, endocrine, and nutritional disorders and
anemia can also be contributors to extubation failure.
54

What to do when extubation fails?

Failure of extubation requires immediate intervention
by the ICU team. It should always be oriented to the
implementation of ventilatory support, either invasive
MV or , and some
groups of investigators have tried the use of HFOT,
although it has failed to consolidate as a solid and
safe tool (Figure 3).

failure J

|

HFOT
NIV
CPAP/BLPAP

A

- ]

[ Invasive MV ]

Good
response

Yes

Continue until
weaning is
achieved

Figure 3: Extubation failure management Flow. BLPAP: bilevel positive airway pressure, CPAP: continuous positive airway

pressure, HFOT: high flow oxygen therapy

NIV is the simplest and most plausible tool in this
context, as it currently has very strong evidence that
has been shown to avoid reintubation. %556

In the consensus article by Boles and colleagues °® a
plausible statement about the use of NIV in relation to
extubation failure is expressed, it could be useful as:

1. An alternative modality for patients
intolerant to the weaning trial
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2. A after extubation for
patients at high risk of reintubation but who
do not develop extubation failure.

3. A for patients who have
been extubated but develop extubation
failure within 48 hours.

However, the following scenarios should be
considered:

- When NIV is used as an alternative modality
for patients intolerant to the weaning trial, the
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ideal indication is in patients with COPD. It
has been found that NIV can facilitate early
weaning from MV in COPD patients, but only
in centers that have experience with this type
of therapy. 57 A systematic review and meta-
analysis of randomized clinical trials (RCTs)
found that the use of NIV after planned
extubation significantly decreases the
reintubation rate in patients with COPD and
patients at high risk of extubation failure;
however, in another study %8 no difference in
reintubation rate was found between NIV and
conventional oxygen therapy. In patients with
acute respiratory failure of etiology other than
COPD, NIV has been reported to avoid
reintubation at 48 hours if applied
immediately after elective extubation,
compared to the high-flow oxygen therapy
group. 5960

- When NIV is used as a prophylactic measure
after extubation, for patients at high risk of
reintubation but who do not develop
extubation failure, its use could be beneficial,
especially in patients with chronic respiratory
disease with hypercapnia &' or obesity.

- When used as a treatment option for patients
with post-extubation respiratory failure, the
routine use of NIV does not prevent the need
for reintubation and shows a trend towards
increased mortality. 62 Delayed reintubation
in these patients may be associated with
increased mortality. 63.64

Regarding the use of support other than NIV, there is
information on the use of conventional oxygen
therapy and HFOT in the event of extubation failure.

References

1. McConville JF, Kress JP. Weaning Patients from
the Ventilator. N Engl J Med 2012; 367(23):2233—
22309.

2. Macintyre NR. Evidence-based assessments in the
ventilator discontinuation process. Respir Care 2012;
57(10):1611-1618.

3. Slutsky AS. Mechanical ventilation. American
College of Chest Physicians’ Consensus
Conference. Chest 1993;104(6):1833—-1859.

4. Gajic O. Tobin MJ: Principles and Practice of

Mechanical Ventilation, 2nd Ed. Crit Care 2007;
11(1):315.

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1

A systematic review and meta-analysis of RCTs in
adult patients after extubation suggests that low-flow
oxygen therapy is the first-line post-extubation
treatment for postoperative patients without
extubation failure. 85

For post-surgical patients, HFOT was found to be
non-inferior to NIV in patients at risk of extubation
failure, 6 but individualized evaluation of its use is
recommended. In contrast, an open-label,
randomized controlled trial found that, compared to
conventional humidified oxygen therapy, HFOT did
not reduce the rate of reintubation. % In a recent trial,
NIV was compared with HFOT in 182 patients
considered to be at very high risk of reintubation 55
patients treated with NIV had a significant 15.5%
reduction in reintubation rate and 6.5 fewer days of
hospital stay. Based on this and the evidence
previously presented, the use of over HFOT is
recommended to consolidate weaning. 67:68

Recently, the use of Mechanical Power (MP) has
been used as an early predictor of weaning failure,
mainly associated with the pulmonary dynamic

component as a transcendental discriminating factor.
69

Conclusion

The weaning process and its consolidation should be
guided mainly by the physiology and the clinical
condition of each patient, in a personalized manner.
The use of the different tools presented in this work
are clearly guidelines to reduce the margin of failure
of this complex procedure. It is necessary to carry out
studies with a robust design to consolidate these
statements.

5. Tobin MJ. Role and interpretation of weaning
predictors. In: As presented at the 5th International
Consensus Conference in Intensive Care Medicine:
Weaning from Mechanical Ventilation, Budapest:
Hosted by ERS, ATS, ESICM, SCCM and SRLF;
2005. Available from: www.ersnet.org/ers/Ir/
browse/default.aspx?id52814. Accessed January
2023

6. Esteban A, Anzueto A, Frutos F, et al.
Characteristics and outcomes in adult patients
receiving mechanical ventilation: a 28-day
international study. JAMA 2002; 287(3):345-355.

7. Cooper LM, Linde-Zwirble WT. Medicare intensive
care unit use: analysis of incidence, cost, and
payment. Crit Care Med 2004; 32(11):2247-253.

8. Gowardman JR, Huntington D, Whiting J. The
effect of extubation failure on outcome in a

38



Fajardo - Campoverdi A Mechanical ventilator liberation protocol. Recommendation based on review
of the evidence

multidisciplinary Australian intensive care unit. Crit
care Resusc Crit Care Resusc 2006 ;8(4):328—-333.

9. Boles J-M, Bion J, Connors A, et al. Weaning from
mechanical ventilation. Eur Respir J 2007;
29(5):1033-1056.

10. Bellani G, Foti G, Spagnolli E, et al. Increase of
oxygen consumption during a progressive decrease
of ventilatory support is lower in patients failing the
trial in comparison with those who succeed.
Anesthesiology 2010; 113(2):378-385.

11. Brochard L, Rauss A, Benito S, et al. Comparison
of three methods of gradual withdrawal from
ventilatory support during weaning from mechanical
ventilation. Am J Respir Crit Care Med 1994;
150(4):896—-903.

12. Cavalcanti AB, Suzumura EA, Laranjeira LN, et
al. Effect of lung recruitment and titrated positive end-
expiratory pressure (PEEP) vs low peep on mortality
in patients with acute respiratory distress syndrome:
A Randomized Clinical Trial. JAMA 2017;
318(14):1335-1345.

13. Perren A, Brochard L. Managing the apparent
and hidden difficulties of weaning from mechanical
ventilation. Intensive Care Med 2013; 39(11):1885-
1195.

14. Kacmarek RM, Branson RD. Should Intermittent
Mandatory Ventilation be abolished? Respir Care
2016; 1;61(6):854- 866.

15. Tonnelier A, Tonnelier J-M, Nowak E, et al.
Clinical relevance of classification according to
weaning difficulty. Respir Care 2011; 56(5):583-590.

16. Thille AW, Gacouin A, Coudroy R, et al.
Spontaneous-breathing trials with pressure-support
ventilation or a T-Piece. N Engl J Med 2022;
387(20):1843—-1854.

17. Esteban A, Frutos F, Tobin MJ, et al. A
comparison of four methods of weaning patients from
mechanical ventilation. Spanish Lung Failure
Collaborative Group. N Engl J Med 1995;
332(6):345-350.

18. Fletcher SN, Kennedy DD, Ghosh IR, et al.
Persistent neuromuscular and neurophysiologic
abnormalities in long-term survivors of prolonged
critical illness. Crit Care Med 2003; 31(4):1012-1016.

19. Feeley TW, Saumarez R, Klick JM, et al. Positive
end-expiratory pressure in weaning patients from
controlled ventilation. A prospective randomised trial.
Lancet 1975; 2(7938):725-729.

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1

20. Bailey CR, Jones RM, Kelleher AA. The role of
continuous positive airway pressure during weaning
from mechanical ventilation in cardiac surgical
patients. Anaesthesia 1995; 50(8):677-681.

21. Squadrone V, Coha M, Cerutti E, et al.
Continuous positive airway pressure for treatment of
postoperative hypoxemiaa randomized controlled
trial. JAMA 2005; 293(5):589-595.

22. Burns KEA, Soliman |, Adhikari NKJ, et al. Trials
directly comparing alternative spontaneous breathing
trial techniques: a systematic review and meta-
analysis. Crit Care 2017; 21(1):127.

23. Perren A, Domenighetti G, Mauri S, et al.
Protocol-directed weaning from mechanical
ventilation: clinical outcome in patients randomized
for a 30-min or 120-min trial with pressure support
ventilation. Intensive Care Med 2002; 28(8):1058-
1063.

24. Laghi F, Cattapan SE, Jubran A, et al. Is weaning
failure caused by low-frequency fatigue of the
diaphragm? Am J Respir Crit Care Med 2003;
167(2):120-127.

25. Fernandez MM, Gonzalez-Castro A, Magret M, et
al. Reconnection to mechanical ventilation for 1 h
after a successful spontaneous breathing trial
reduces reintubation in critically ill patients: a
multicenter randomized controlled trial. Intensive
Care Med 2017; 43(11):1660-1667.

26. Dadam MM, Gongalves ARR, Mortari GL, et al.
The effect of reconnection to mechanical ventilation
for 1 hour after spontaneous breathing trial on
reintubation among patients ventilated for more than
12 hours: A randomized clinical trial. Chest 2021;
160(1):148-156.

27. Teixeira SN, Osaku EF, Lima de Macedo Costa
CR, et al. Comparison of proportional assist
ventilation plus, T-Tube ventilation, and pressure
support ventilation as spontaneous breathing trials for
extubation: A randomized study. Respir Care 2015;
60(11):1527-1535

28. De Jong A, Talmor D, Jaber S. How to optimize
extubation? Intensive Care Med 2023; Epub ahead of
print.

29. 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(4):1262-1270.

30. Truwit JD, Marini JJ. Validation of a technique to

assess maximal inspiratory pressure in poorly
cooperative patients. Chest 1992 ;102(4):1216-1219.

39



Fajardo - Campoverdi A Mechanical ventilator liberation protocol. Recommendation based on review
of the evidence

31. Salam A, Tilluckdharry L, Amoateng-Adjepong Y,
et al. Neurologic status, cough, secretions and
extubation outcomes. Intensive Care Med. 2004;
30(7):1334—-1339.

32. Vassilakopoulos T, Zakynthinos S, Roussos C.
The tension-time index and the frequency/tidal
volume ratio are the major pathophysiologic
determinants of weaning failure and success. Am J
Respir Crit Care Med. 1998;158(2):378-385.

33. Magalhaes PAF, Camillo CA, Langer D, et al.
Weaning failure and respiratory muscle function:
What has been done and what can be improved?
Respir Med 2018; 134:54-61.

34. Anguel N, Monnet X, Osman D, et al. Increase in
plasma protein concentration for diagnosing weaning-
induced pulmonary edema. Intensive Care Med
2008; 34(7):1231-1238.

35. Routsi C, Stanopoulos I, Kokkoris S, et al.
Weaning failure of cardiovascular origin: how to
suspect, detect and treat—a review of the literature.
Ann Intensive Care 2019; 9(1):6.

36. Dres M, Teboul J-L, Anguel N, et al.
Extravascular lung water, B-type natriuretic peptide,
and blood volume contraction enable diagnosis of
weaning-induced pulmonary edema. Crit Care Med
2014; 42(8):1882—-1889.

37. Caille V, Amiel JB, Charron C, et al.
Echocardiography: a help in the weaning
process. Crit Care 2010; 14(3):R120.

38. Sayas Catalan J, Hernandez-Voth A, Villena
Garrido MV. Diaphragmatic ultrasound: An innovative
tool has become routine. Arch Bronconeumol 2020;
56(4):201-203.

39. Teboul J-L, Monnet X, Richard C. Weaning failure
of cardiac origin: recent advances. Crit Care 2010;
14(2):211.

40. Takhar A, Walker A, Tricklebank S, et al.
Recommendation of a practical guideline for safe
tracheostomy during the COVID-19 pandemic. Eur
Arch oto-rhino-laryngology. Head Neck Surg 2020;
277(8):2173-2184.

41. Ely EW, Shintani A, Truman B, et al. Delirium as
a predictor of mortality in mechanically ventilated
patients in the intensive care unit. JAMA. 2004;
291(14):1753-1762.

42. Anoop K. A study on predictors of extubation

failure in tertiary hospital. Rajiv Thandi University of
Health Sciences, Bangalore; 2019. Available from:

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1

http://dspace.sdmmedicalcollege.org/xmlui/handle/12
3456789/1188. Accessed December 2022

43. Vivier E, Muller M, Putegnat J-B, et al. Inability of
diaphragm ultrasound to predict extubation failure: A
multicenter study. Chest 2019; 155(6):1131-1139.

44. Kulkarni AP, Agarwal V. Extubation failure in
intensive care unit: predictors and management.
Indian J Crit care Med 2008; 12(1):1-9.

45, Cristancho W. Fundamentos de Fisioterapia
Respiratoria y Ventilacién Mecanica. 3ra ed. El
Manual Moderno, editor. Bogota; 2015.

46. Markovitz B, Randolph A, Khemani RG.
Corticosteroids for the prevention and treatment of
post-extubation stridor in neonates, children and
adults. Cochrane Database Syst Rev 2008;(2).

47. Jesus R De, Aguilar C, Teresa M, et al. Estridor
postextubacion y prueba de volumen de fuga en la
unidad de cuidados intensivos. 2011; 25(4):206—210.

48. Engoren M. Evaluation of the cuff-leak test in a
cardiac surgery population. Chest 1999;
116(4):1029-1031.

49. Sandhu RS, Pasquale MD, Miller K, et al.
Measurement of endotracheal tube cuff leak to
predict postextubation stridor and need for
reintubation. J Am Coll Surg. 2000; 190(6):682-687.

50. Schnell D, Planquette B, Berger A, et al. Cuff leak
test for the diagnosis of post-extubation stridor: A
multicenter evaluation study. J Intensive Care Med
2019; 34(5):391-396.

51. Hernandez Ruiz HF, Poblano Morales M,
Monares Zepeda E, et al. Esteroides en extubacion.
Med Critica. 2019; 33(6):315-320.

52. Girard TD, Alhazzani W, Kress JP, et al. An
Official American Thoracic Society/American College
of Chest Physicians Clinical Practice Guideline:
Liberation from mechanical ventilation in critically ill
adults. Rehabilitation protocols, ventilator liberation
protocols, and cuff leak tests. Am J Respir Crit Care
Med 2017; 195(1):120-133.

53. Diaz MC, Ospina-Tascon GA, Salazar C BC.
Disfuncién muscular respiratoria: una entidad
multicausal en el paciente criticamente enfermo
sometido a ventilacién mecanica. Arch
Bronconeumol 2014; 50(2):73-77.

54. 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(3):613-620.

40


http://dspace.sdmmedicalcollege.org/xmlui/handle/123456789/1188
http://dspace.sdmmedicalcollege.org/xmlui/handle/123456789/1188

Fajardo - Campoverdi A Mechanical ventilator liberation protocol. Recommendation based on review
of the evidence

55. Hernandez G, Paredes |, Moran F, et al. Effect of
postextubation noninvasive ventilation with active
humidification vs high-flow nasal cannula on
reintubation in patients at very high risk for extubation
failure: a randomized trial. Intensive Care Med 2022;
48(12):1751-1759.

56. Sang L, Nong L, Zheng Y, et al. Effect of high-
flow nasal cannula versus conventional oxygen
therapy and non-invasive ventilation for preventing
reintubation: a Bayesian network meta-analysis and
systematic review. J Thorac Dis 2020;12(7):3725—
3736.

57. Burns K, Adhikari N. Noninvasive ventilation and
weaning outcome. Noninvasive mechanical
ventilation and difficult weaning in critical care: Key
Topics and Practical Approaches. 2016; 451-461.

58. Bajaj A, Rathor P, Sehgal V, et al. Efficacy of
noninvasive ventilation after planned extubation: A
systematic review and meta-analysis of randomized
controlled trials. Heart Lung 2015; 44(2):150-157.

59. Ornico SR, Lobo SM, Sanches HS, et al.
Noninvasive ventilation immediately after extubation
improves weaning outcome after acute respiratory
failure: a randomized controlled trial. Crit Care 2013;
17(2):R39.

60. Lin C, Yu H, Fan H, et al. The efficacy of
noninvasive ventilation in managing postextubation
respiratory failure: a meta-analysis. Heart Lung
2014; 43(2):99-104.

61. Villarejo F, Rios FG, La Moglie RRet al. VNI en el
proceso de discontinuacion de la ventilacion
mecanica. Medicine Intensiva 2007; 24(1): 20-28.

62. Esteban A, Frutos-Vivar F, Ferguson ND, et al.
Noninvasive positive-pressure ventilation for

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1

respiratory failure after extubation. N Engl J Med
2004; 350(24):2452—-2460.

63. Antonelli M, Conti G, Bufi M, et al. Noninvasive
ventilation for treatment of acute respiratory failure in
patients undergoing solid organ transplantation: a
randomized trial. JAMA 2000; 283(2):235-241.

64. Keenan SP, Powers C, McCormack DG, et al.
Noninvasive positive-pressure ventilation for
postextubation respiratory distress: a randomized
controlled trial. JAMA 2002; 287(24):3238—-3244.

65. Huang H-W, Sun X-M, Shi Z-H, et al. Effect of
high-flow nasal cannula oxygen therapy versus
conventional oxygen therapy and noninvasive
ventilation on reintubation rate in adult patients after
extubation: A systematic review and meta-analysis of
randomized controlled trials. J Intensive Care Med
2017; 33(11):609-623.

66. Matsuda W, Hagiwara A, Uemura T, et al. High-
flow nasal cannula may not reduce the re-intubation
rate compared with a large-volume nebulization-

based humidifier. Respir Care 2020; 65(5):610-617.

67. Gonzalez-Castro A, Fajardo A, Medina A, et al.
Non-invasive mechanical ventilation and high-flow
oxygen therapy in the COVID-19 pandemic: the value
of a draw. Med Intensiva 2021; 45(5):320-322.

68. Vaschetto R, Turucz E, Dellapiazza F, et al.
Noninvasive ventilation after early extubation in
patients recovering from hypoxemic acute respiratory
failure: a single-centre feasibility study. Intensive
Care Med 2012; 38(10):1599-1606.

69. Yan Y, Xie Y, Chen X, et al. Mechanical power is
associated with weaning outcome in critically ill
mechanically ventilated patients. Sci Rep 2022;
12(1):19634.

41



¥ e

. SPEAKERS

CETY OF ?’\

IECHANICAL . e
- VENTILATION 63

CONFERENCE

Our global leaders bring you the following topics:
40 Years of development of mechanical ventilation: lessons learned E ROSS FREEBAIRN BHB,

STEVE TUNNELL RRT

~
N,

50 years of PEEP: can we please reach a consensus p&t{é};‘& ERCIEIFANER
Beyond basic teaching of mechanical ventilation

Beyond conventional monitoring

Cardiopulmonary interactions E[E:EJ OUNG SUH MD, PHD,
r:

MICHAEL GENTILE MBA,

High Flow Dxygen Therapy: Please take a nice deep breath
RRT, FAARC, FCCM

Mechanical Power: how and why

Patient-Ventilator Asynchronies: detect and correct
Pharmacological treatment in ARDS: It's not all about the ventilator
SEVA crash course

iatric ventilation: Kids are not small adults .

® e o e o o ® ° °

GEOFF SHAW 1B CHB
FANZCA FCICM

CLAUDIO FRANCK MD, PHD

CHERIE CHU PHARMD, BCPS,
BCCCP

Sept 24-25, 2023 rery :‘_

Prince Waikiki Hotel, Honolulu, Hawaii, USA AR -:‘ ) : EU . ADUD 0, FACP,

ILATION.ORG/REGISTRATION

For the Society Of Mechanical Ventilation Conference September 24-25 /2023
Deadline August 30th, 2023

https://www.journalmechanicalventilation.com/call-for-abstract/



Fajardo - Campoverdi A Mechanical ventilator liberation protocol. Recommendation based on review
of the evidence

Journal of Mechanical Ventilation 2023 Volume 4, Issue 1

43



