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ABSTRACT

Background and purpose: Weaning from a mechanical ventilator is a milestone in the recovery of seriously ill patients in Intensive care. Failure
to wean and re-intubation adversely affects the outcome. The method of mechanical ventilation (MV) varies between different ICUs and so
does the practice of weaning. Therefore, updated guidelines based on contemporary literature are designed to guide intensivists in modern
ICUs. This is the first ISCCM Consensus Statement on weaning complied by a committee on weaning. The recommendations are intended to
be used by all the members of the ICU (Intensivists, Registrars, Nurses, and Respiratory Therapists).

Methods: A Committee on weaning from MV, formed by the Indian Society of Critical Care Medicine (ISCCM) has formulated this statement on
weaning from mechanical ventilators in intensive care units (ICUs) after a review of the literature. Literature was first circulated among expert
committee members and allotted sections to each member. Sections of the statement written by sectional authors were peer-reviewed on
multiple occasions through virtual meetings. After the final manuscript is accepted by all the committee members, it is submitted for peer review
by central guideline committee of ISCCM. Once approved it has passed through review by the Editorial Board of IJCCM before it is published
here as “ISCCM consensus statement on weaning from mechanical ventilator”. As per the standard accepted for all its guidelines of ISCCM,
we followed the modified grading of recommendations assessment, development and evaluation (GRADE) system to classify the quality of
evidence and strength of recommendation. Cost-benefit, risk-benefit analysis, and feasibility of implementation in Indian ICUs are considered
by the committee along with the strength of evidence. Type of ventilators and their modes, ICU staffing pattern, availability of critical care
nurses, Respiratory therapists, and day vs night time staffing are aspects considered while recommending for or against any aspect of weaning.
Result: This document makes recommendation on various aspects of weaning, namely, definition, timing, weaning criteria, method of weaning,
diagnosis of failure to wean, defining difficult to wean, Use of NIV, HFOV as adjunct to weaning, role of tracheostomy in weaning, weaning in
of long term ventilated patients, role of physiotherapy, mobilization in weaning, Role of nutrition in weaning, role of diaphragmatic ultrasound
in weaning prediction etc. Out of 42 questions addressed; the committee provided 39 recommendations and refrained from 3 questions. Of
these 39; 32 are based on evidence and 7 are based on expert opinion of the committee members. It provides 27 strong recommendations and
12 weak recommendations (suggestions).

Conclusion: This guideline gives extensive review on weaning from mechanical ventilator and provides various recommendations on weaning
from mechanical ventilator. Though all efforts are made to make is as updated as possible one needs to review any guideline periodically to
keep itin line with upcoming concepts and standards.

Keywords: Difficult weaning, Liberation from mechanical ventilator, Mechanical ventilation, Position statement, Tracheostomy, Ventilator
liberation, Weaning, Weaning from mechanical ventilation.
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ISCCM Committee on Weaning from Mechanical Ventilator

Care Medicine. After discussion amongst the experts, 42 questions
were drafted, addressing different aspects of weaning in critically
ill patients and literature was vigorously searched over 3 months.
Further, discussions were carried on in the expert group over
each drafted question and recommendations for each question
were made as per the consensus. The draft was reviewed by the
committee on weaning and the ISCCM guideline committee. The
final document is published in IJCCM after the editorial board review.

Summary of Questions and Recommended Actions for
Weaning from Mechanical Ventilator

To form these position paper guidelines, the committee has decided
to enlist 42 clinical questions on weaning. The concept of the GRADE
System was taken into consideration during committee meetings
so that a balance between the evidence base and practicality in
Indian ICUs is maintained.'~ Each question has answers in the form
of arecommendation of the committee, followed by a summary of
supporting literature. Table 1 summarizes the recommendations.

Clinical Questions

1. What is weaning? (Definition of weaning from mechanical
ventilator)

Recommendation: We recommend uniform definition of weaning
(success or failure) in clinical practice and research to facilitate
standards in communication and clinical documentation.

The word “Weaning” means, to accustom someone without
something, on which they have become dependent. Despite
remarkable advances in the field, MV must be considered a
potentially dangerous supportive therapy in intensive care units
(ICUs). Weaning from MV is defined as a systematic way of removing
of patient from the support of a mechanical ventilator. Many
societies and experts prefer the word “discontinuation from or
Liberation from ventilation” rather than weaning, as all patients
have not developed a dependency on it. We prefer to use the
conventional term “Weaning” as most Intensivists across India
are accustomed to the terminology and use it in all day-to-day
communication as well as documentation in clinical notes.

Weaning can account for 40-50% of the time on MV.** Definition
of Weaning success or failure, takes “48 hours from initiation of
weaning” as a time point. Weaning success means, ventilator
support can be stopped completely after first SBT within 48 hours.
Failure to do so, resulting in re-intubation or NIV support, within
that time frame is labeled Weaning failure (see details of ventilator
under question 15). Weaning is called simple (success in first SBT),
difficult (success in up to third SBT in first 7 days), or Prolonged if
more than 7 days are required for weaning.* The longer the duration
of MV, the more the morbidity [ventilator associate pneumonia
(VAP), ventilator associated tacheobronchitis (VAT), Airway trauma
and mortality].>® Incidence of weaning failure varies from 14 to
32% (average 21%). As per one study patients with weaning failure
and consequent prolonged ventilation, though account for only
7% of total ventilated patients, consumes 37% of ICU resources. So
weaning failure is detrimental not only to the patient but also to
the institute and burden on health care in general .57

2. How do | manage an ICU patient on ventilator to facilitate
early weaning (shorten time on ventilator)?

Recommendation: We recommend ventilation strategies aimed at
minimizing complications due to Mechanical ventilation, sedation
and intensive care to facilitate timely weaning.
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Mechanical ventilation can be harmful and even fatal if compli-
cations due to ventilation are not prevented. Many aspects of MV
(controlling peak pressure, plateau pressure, tidal volume, driving
pressure, power) as well as the use of prophylactic practices in
intensive care (fast hug bid, fast hugs in bed please), not only
reduce lung injuries but also ICU acquired infections, bedsore,
disuse muscle atrophy, etc.®° Due to heterogeneity in ICU
population in need for MV, one cannot have a study of a particular
set of ventilation strategy and its effect on weaning. However,
effect of sedation, NMB use, daily awakening, and protocolized
weaning is discussed in detail in the sections below. The proposed
strategy for managing a patient on a ventilator to facilitate weaning
is shown in Table 2.

3. What is effect of primary diagnosis on type of weaning?

Recommendation: We recommend intensive care team to anticipate
type (Simple, difficult, or prolonged) of weaning as per patient’s
underlying disease, indication and duration of mechanical ventilation.

Medical patients have a higher incidence of weaning failure than
cardiothoracic and non-neurology surgical patients.'®”'? Etiology
of respiratory failure which requires mechanical ventilatory support
for its treatment (primary diagnosis) has an immense influence on
the pattern of weaning.

+ Most patients ventilated for general anesthesia for surgery can
be weaned and extubated in less than 24 hours. These simple
wean patients rarely require any special strategy.

«  Seneff et al., on over 5,915 patients, studied aspects that affect
the duration of MV and determined the relative contribution
of patient and disease factors to it. It suggests that ICU
admission due to conditions or diseases like pneumonia, ARDS,
neuromuscular disease, head trauma, or postoperative intra-
cerebral hemorrhage are associated with prolonged ventilation
and delayed weaning.'?

« Elevated acute physiology score (APS) of APACHE lll, on day one
in the ICU has a more linear correlation (25%) with duration of
ventilation as compared to the admission from another ICU,
another hospital, or the medical ward (6.1%). Postoperative ICU
admissions have a shorter duration of MV. Factors associated
with-longer duration of ventilation and affect weaning were:
Higher PaCO,, serum blood urea, serum creatinine, arterial pH,
white blood cell counts, temperature (4.8%), and low S. albumin
(2.9%) on the day of ICU admission. Obstructive or restrictive
lung disease (2.4%) and extended hospital length of stay prior
to ICU admission (4.3%) affect the duration as well.

+ Duration of MV increased as the PaO,/FiO, ratio dropped near
150 mm Hg and then decreased due to early mortality at lower
than 150 mm Hg. The same is true for the age of the patient. The
average duration of MV increased with age up to 85 years and
then started reducing as mortality rises at age above 85 years.

« |-TRACH score is designed to anticipate the need for MV or
more than 7-14 days. The score is calculated on the following
parameters; Intubation in the ICU, heart rate >110 beats per min,
renal dysfunction (BUN >25 mmol/L), Acidosis with pH <7.25,
creatinine (>2.0 or >50% rise from baseline) and decreased
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Table 1: Summary of recommendations by ISCCM committee on weaning

Questions Recommendations of committee on weaning
1 What is weaning? We recommend uniform definition of weaning (success or failure) in clinical practice
and research to facilitate standards in communication and clinical documentation
2 How do | ventilate to facilitate early We recommend ventilation strategies aimed at minimizing complication due to MV,
weaning (shorten time on ventilator)? sedation and intensive care to facilitate timely weaning
3 What is effect of primary diagnosis and We recommend intensive care team to anticipate type (simple, difficult, prolonged)
duration of ventilation on weaning? of weaning as per patients’ underlying disease, indication and duration of MV
4 When to initiate weaning process? We recommend to start planning for weaning process from the beginning of MV,
however criteria for weaning preparedness need to be fulfilled before SBT can be
planned
5 Role of sedation strategy on weaning. We recommend institution based sedation protocol for better titration of sedative
agents and avoid benzodiazepines based sedation regimen for long term sedation
6 Role of daily sedation window in weaning.  We recommend daily sedation window and review the sedation regime in patients
who are on MV for more than 24 hours
7 Role of ABCDEF weaning bundle on We recommend ABCDEF weaning bundle to be used in ICU for all patients who are
weaning. on MV for more than 24 hours
8 Role of neuroparalysis strategy on weaning. We recommend intermittent boluses over infusion of neuro-muscular blocker
agents (NMBAs). If NMBAs infusion is required, it should not be continued for more
than 48 hours
9 Role of muscular weakness, We suggest to rule out ICU acquired weakness as a cause of difficult weaning. Use of
neuromyopathy in weaning. NMBAs and co-administration of NMBAs with corticosteroid should be avoided
10, Role of hydration and electrolyte imbalance We recommend to avoid positive fluid balance at least 24 hours before weaning trial
1 in weaning. We suggest to correct electrolyte imbalance (sodium, chloride, potassium,
phosphate, magnesium) before initiation of weaning
12 Role of diaphragmatic ultrasound in Although diaphragmatic ultrasound is a promising diagnostic tool, we suggest to
predicting weaning develop more standardized protocols, for further research and clinical application
13 How to prepare for weaning? We recommend protocoled preparation for weaning
14, Which modes should be used for weaning?  We recommend SBT by T-piece or PSV method
15 We suggest to use adaptive support ventilation (ASV) or neurally adjusted ventilatory
assist (NAVA) or any other newer modes if equipment and expertise are available
16-18 Which weaning indices to use, their rolein ~ We recommend RSBI as the weaning index as it is easy, reproducible and simple
predicting weaning? Routine use of other weaning indices is not recommended as they are complex,
difficult to measure or interpret and may require special equipment
Other weaning indices can be utilized for specific situations for example, those with
inconclusive or variable RSBI, or some clinical dilemma
19 When to consider weaning is successful or ~ We recommend considering subjective and objective criteria to conclude weaning
failed? success or failure
20 When to repeat an attempt once failed? We suggest repeating SBT after 24 hours or after resolution of the reason for failed
SBT, whichever is earlier
21 How to ventilate in the interim period? We recommend to use either PSV or Controlled ventilation (non-fatiguing strategy)
before giving another SBT
22 What to do, when fail to wean (difficult We recommend a structured approach to diagnose and treat the cause of weaning
weaning)? failure before offering repetitive SBTs
23 Which extubation criteria to be used We recommend monitoring a combination of various criteria as per the clinical
(extubation screening)? scenario
24-28 What helps in preventing accidental We recommend incorporating identification of delirium as a cause of agitation in
extubation? sedation protocol
We recommend use of physical restraints only in clinically appropriate situations
and not as routine part of therapy
We recommend standardizing endotracheal tube securement and developing
protocols to identify patients ready for weaning and extubation
We suggest adequate nurse: patient ratio to help prevent unplanned extubation
We recommend quality surveillance to identify and reduce the incidence of
unplanned extubation in a unit
29 When to re-intubate after accidental We recommend re-intubation after unplanned extubation in patients with

extubation?

upper airway obstruction, increased secretion burden, respiratory failure due to
exhaustion, impaired or reduced level of consciousness, and cardiopulmonary arrest

(Contd...)
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Table 1: (Contd...)

Questions Recommendations of committee on weaning
30, 31 Role of cuff leak test in extubation. We suggest performing a cuff leak test in mechanically ventilated adults who meet
extubation criteria and are considered at high risk for post-extubation stridor
We recommend having a protocoled surveillance, assessment, and treatment policy
in the units to obviate the routine need to perform CLT prior to extubation
32,33 Post-extubation stridor and role of We recommend administering systemic corticosteroids at least 4 hours
medications on its prevention and pre-extubation in patients to prevent stridor and re-intubation in high-risk population
treatment We make no recommendations on the role of steroids when patients are not selected
Non-invasive ventilation should not be used in the treatment of patients with post-
extubation stridor
34 Role of heliox in post-extubation stridor No recommendation can be given on routine use of Heliox for post-extubation stridor
35 Does tracheostomy help in early weaning? ~ We recommend tracheostomy as a mean to facilitate weaning in difficult to wean
patients
36-38 Do weaning to NIV or high flow nasal We recommend that NIV should be used as weaning strategy for difficult weaning
oxygen (HFNO) helps? We suggest HFNO as a post-extubation weaning strategy for hypoxemic patients at
risk of developing acute respiratory failure
We do not give preference of either modalities, HFNO or NIV, for weaning
39 Do specialized weaning centers help? We suggest that patients with weaning failure can be considered for transfer from
acute care settings to a specialist center, where available
40 Do nurse or respiratory therapist driven We suggest implementation of nurse or respiratory therapist driven weaning
protocol lead to early weaning? protocol after adequate training and competency assessment
41 Effect of ICU staffing on weaning success? ~ No recommendation can be given on the effect of ICU staffing on weaning success
42 What are future perspectives in weaning? No specific recommendation can be given on use of artificial intelligence or bio-

signal based weaning protocols as of now

Table 2: Proposed strategy for managing a patient in ICU on ventilator to facilitate weaning

Complications of mechanical ventilation

Steps to prevent them

Sedation and immobilization:
Deep vein thrombosis and pulmonary embolism
Pressure sore: Pain and infections

Delirium

Need for prolonged IV access and its complications

Disuse atrophy of diaphragm and respiratory muscles
Critical lllness polyneuropathy
Critical lllness myopathy

Ventilator associated Pneumonia

Barotrauma
(Pneumothorax- Hypotension)

Atelectotrauma

Hypoxia, hyperoxia
Reduced lung compliance
Volu-trauma

Early mobilization

DVT prophylaxis

Pressure sore prevention

Minimize use of Benzodiazepines

Implement CLABSI bundle

Remove invasive lines at earliest possible

Shift to spontaneous mode of ventilation as soon as possible
Minimize exposure to Neuromuscular blockade, corticosteroid,
aminoglycosides, polymyxins and neuro-myotoxic molecules
Implement VAP prevention bundles

Do not allow Ppeak >40 cm H,O

Limit Pplat below 30 cm H,0O

Limit driving pressure <15 cm H,O

Set and review Ppeak and Vt alarms on Ventilator

Minimize time spent with FiO, = 1.0 (100% oxygen)

Use minimum FIO, to keep Sp02-90-94%

Ventilate with tidal volume 6-8 mL/kg (avoid above 10 mL/kg)

Trans alveolar translocation of bugs, pneumothorax, mediastinal
emphysema

Bio-trauma

Cytokine surge leading to AKI, hypotension, Multi-organ dysfunction
syndrome

Airway injury and peri-intubation or peri-extubation deteriorations

Laryngeal edema, tracheal edema, ulcers, clots airway obstruction,
stridor, dysphonia

Down titrate pressure support to limit higher tidal volumes causing
pVILI

Open lung strategy, Lung protective ventilation
Limit driving pressure (AP) <15 cm H,0

Use of structured airway assessment to diagnose difficult airway
pre-emptively

Use rapid or delayed sequence intubation protocol

Use extubation and post-extubation management protocol

S$236
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bicarbonate level (HCO3 <20 meg/L). Any score of four or more
helps one to anticipate the subsequent need for MV beyond
7-14 days at the time of intubation.'®

4. When to initiate weaning process?

Recommendation: We recommend to start planning for weaning
from the beginning of mechanical ventilation, however criteria
for Weaning Preparedness need to be fulfilled before SBT can be
planned.

As weaning involves meticulous planning before the execution of
actual steps, planning must begin as soon as MV (NIV or Invasive) is
initiated. Weaning success and the time it takes, depend on many
factors [sedation, interdepartmental trips, alertness, mechanical
ventilator-associated complications, hospital acquired infections
(HAIs), etc.]. One needs to attend and optimize all these factors as
best as possible right from the moment a clinician thinks of putting
a patient on MV and this needs time. Treatment of the underlying
disease and preventing insult (addition of one more factor) which
can adversely affect the weaning process must be an integral part
of the ventilation and patient care regime to facilitate early weaning.
However certain objective criteria (Tables 3 and 4) need to be full
filled before one thinks to consider SBT.'

ABCDEFGHI-is a neumonic used as an aid to remember major
factors to check readiness of weaning.

5. Role of sedation strategy on weaning

Recommendation: We recommend institution-based sedation protocol
for better titration of sedative agents and avoid benzodiazepines based
sedation regimen for long term sedation.

Sedation strategy is the art of maintain a balance between patient
comfort on the ventilator and the dose of sedative agents. There
is no single protocol or strategy which can be applicable to all
patients. One can have local institute-specific protocols for better
titration of sedation agents. They vary from patient to patient,
one disease to another, one day to another, and thus need to be
customized each time.

Sedation protocol has an advantage over random sedation
prescriptions. It helps to set a system that helps better adjustment
of sedation doses to achieve an optimal predefined sedation level.
This has been proven to lower the duration of MV, ICU length of
stay, and hospital stay. We found six un-blinded randomized control
trials that compared groups of patients managed with or without
protocols aimed at sedation optimization.””~?! Intensive care unit
length of stay was reduced in “ with protocol group”. They found no
difference in the duration of MV or short-term mortality. There was
heterogeneity in the management of patients in the control group
among studies. Those studies, which showed no benefit of protocol
had lighter levels of sedation in the control groups compared with
those that did reveal a benefit. A study by Brook et al., evaluated
the effect of protocol-directed sedation among critically ill patients
with acute respiratory failure. It showed use of the protocol, can
reduce the duration of MV, ICU and hospital lengths of stay, and
the requirement for tracheostomy.'® A meta-analysis by Qi et al.,
showed that the use of nurse-led sedation protocols caused a
significant drop in ventilation days within ICUs. We recommend
the use of sedation protocol over no protocol for ICU patients on
mechanical ventilators as it helps to minimize sedation and shorten
ventilation days (early weaning).”®

Sedcom and Mends studies have shown that Benzodiazepine
use not only prolong ventilation days and ICU, LOS but also,
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Table 3: Criteria for readiness for SBT (weaning)'*

Criteria for readiness for SBT (weaning)

Required criteria

1. The cause of the respiratory failure has improved

2. PaO,/FiO, =1 50* or SpO, = 90% on FiO, < 40% and positive
end-expiratory pressure (PEEP) <5 cm H,0%

3. pH>7.25

4. Hemodynamic stability (no or low dose vasopressor medications)

5. Able to initiate an inspiratory effort

Additional criteria (optional criteria)

1. Hemoglobin =7 mg/dL

2. Core temperature <38-38.5° Centigrade

3. Mental status awake and alert or easily arousable

Modified from Ref 14

Table 4: ABCDEFGHI-a pneumonic for screening for readiness to wean

A Aim of the ventilation met with (indication of MV resolved)
Alert and Afebrile

Breathing indices within acceptable limits and no distress
Circulation-Hemodynamically stable
Drugs—no sedative or NMBA drug effect

Electrolytes: no sodium, potassium, calcium, magnesium or
phosphate disturbances

Fluid status: not dehydrated, not oedematous
Glucose-Euglycaemia, no hypo or hyper-glycaemia
No hallucinations/no delirium. Co-operative patient
No impending procedures or transfers

m o N @

- I o m

is associated with the increased occurrence of delirium in the
ventilated patients. Hangover of midazolam effect due to its
active metabolite contribute to undesirable sustained effect after
midazolam infusion stopped. Trend of sedation protocols is moving
from the deep sedation to lighter sedation to analgo-sedation
(analgesia first followed by sedatives if required) to no sedation for
MV in the ICUs.2’ We recommend use of Benzodiazepine sparing
sedative strategy by using alternative medications like Propofol,
Dexmedetomedine, Ketamine and non-pharmacological means for
managing pain, agitation and delirium sleep promotion (earplugs,
eyeshades, light music, etc.).

6. Role of daily sedation window in weaning

Recommendation: We recommend daily sedation window and review
the sedation regime in patients who are on mechanical ventilation for
more than one day.

Daily interruption of sedative medications (Infusions) in critically Il
patients undergoing MV was first studied by John. P. Kress. He found
that sedation vacation is associated with reduced duration of MV
and LOS in the ICU.2" These findings were further reinforced by a
randomized control trial (RCT) in 2008 by Timothy D Girard, where
researchers found better outcomes in mechanically ventilated
patients who were given SAT followed by SBT.?? A randomized
controlled trial published in 2010 found that the duration on MV, and
ICU and Hospital LOS were lesser in the group not using sedation.?
Continuous sedation was identified as an independent risk factor
for pneumonia in patients on mechanical ventilators.?* For weaning
from MV, the first step is to discontinue or taper down sedation.
This can be achieved by either daily interruption of sedation or
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active decrement in the level of sedation that allows the patient
to be optimally calm but responsive. Sedation vacation has been
associated with reduced ICU LOS and mortality in studies. It also
helps to avoid drug accumulation and side effects due to over-
sedation. Finally, it also helps to assess the patient’s neurological
and respiratory status, as well as readiness to wean from sedation
and MV.%

7. Role of ABCDEF weaning bundle on weaning

Recommendation: We recommend ABCDEF weaning bundle to be
used in ICU for all patients who are on mechanical ventilation for more
than one day.

Society of Critical Care Medicine created the ABCDEF bundle. It
serves as a guide for the ICU team in improving care for critically
ill patients. The key components of the ABCDEF bundle are:
(A) Assess, prevent, and manage pain; (B) Both spontaneous
awakening trials (SAT) and spontaneous breathing trials (SBT);
(C) Choice of analgesia and sedation; (D) Delirium assessment,
prevention, and management; (E) Early mobility and exercise;
and (F) Family engagement and empowerment.® Routine use of
each of this component of this bundle has been shown to increase
survival, reduce delirium, have fewer days on MV, and have fewer
ICU readmissions.?’” A few decades ago, the care of a patient on
a ventilator required deep sedation, Immobility, and minimal
family engagement. However, modern principles of critical care
encourage one to use lighter sedation to facilitate early mobility.
Early diagnosis and treatment of delirium with increasing family
involvement is highly desirable. This paradigm shift is due to the
recognition of the long-term consequences of critical illness and
the impact of prophylactic practices routinely performed in the
ICU. The ABCDEF bundle has been developed to address these
needs. It helps in early weaning from MV as it avoid over sedations,
and promotes early mobility which prevents muscle atrophy, and
reduces the risk of delirium.

8. Role of Neuro-paralysis strategy on weaning

Recommendation: We recommend intermittent boluses over infusion
of NMBAs. If NMBAs infusion is required, it should not be continued for
more than 48 hours.

The primary role of NMBAs in ARDS patients is to reduce patient-
ventilator dyssynchrony. We should avoid NMBAs if the patient is
tolerating MV with sedation only. If neuromuscular blockade use
is inevitable to facilitate lung protective ventilation, intermittent
NMBA boluses along with deep sedation are preferred overan NMBA
infusion. If NMBA infusion must be used due to high requirements,
it should not be continued for more than 48 hours. When NMBAs
are given with corticosteroids or infused for more than 48 hours, it
increases the risk for ICU-acquired weakness. Cis-atracurium was
the only agent studied in large RCTs in ARDS patients, and so is the
preferred agent for NMB infusions. The impact of using other NMBA
infusions for patients with ARDS is not known as not been studied
formally. The two largest trials used Cis-atracurium at a fixed dose
of 15 mg bolus followed by an infusion of 37.5 mg/h for 48 hours.
As the relation between the dose of Cis-atracurium and adverse
effects is unclear, one may titrate the dose to clinical effect.?® Apart
from ARDS, NMBAs are also used for rapid sequence intubation,
for patient-ventilator dyssynchrony in patients on MV, to reduce
intra-abdominal pressure and risk of barotrauma. It also helps to
control shivering, and muscle oxygen consumption and limit the
rise in intracranial pressure. Neuromuscular blockade use leads to
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prolonged immobility with resultant development of ICU-acquired
weakness, myopathy, pressure ulcers, nerve injuries, and increased
risk of deep venous thrombosis.?® Vecuronium is metabolized via
hepatic mechanisms to a large extent. however, its elimination
half-life is still increased in patients with reduced Renal function.
Duration of action of Atracurium is unaffected by renal failure.

9. Role of muscular weakness, neuromyopathy in weaning

Recommendation: We suggest to rule out ICU acquired weakness as
a cause of difficult weaning. Use of NMBAs and co-administration of
NMBAs with corticosteroid should be avoided.

It is estimated that about 62% of patients with weaning failure have
some form of neuromuscular weakness.>° Critical illness neuropathy,
Critical illness myopathy, and critical illness polyneuromyopathy
are common causes of neuromuscular weakness contributing
to weaning failure. It increases LOS in ICU as well as ventilator
dependence. Several independent risk factors for the development
of ICU-acquired weakness have been found. They are divided into
modifiable and non-modifiable risk factors. The severity of critical
iliness is the most important factor. Higher the severity of critical
illness and multi-organ failure, prolonged ventilator and ICU stay
increases the likelihood of ICU-acquired weakness. High lactate
levels, old age, and female gender are particularly at higher risk.>!
Among the modifiablerisk factors degree of hyperglycemia, the use
of certain drugs like corticosteroids, beta agonists and vasoactive
agents increases the risk of ICU-acquired weakness.>?

10. Role of hydration in weaning

Recommendation: We recommend to avoid positive fluid balance at
least 24 hours before weaning trial.

Weaning and extubation are milestones for critically ill patients
who are managed with mechanical ventilators. It was found that
negative fluid balance reduces the incidence of weaning failure.
Positive fluid balance is found as a risk factor for extubation failure.
One prospective observational study showed that, as compared
to the standard clinical weaning procedure, a weaning protocol
where positive fluid balance was avoided for at least 24 hours before
weaning led to better a success rate.3® Negative fluid balance is
associated with weaning success, but it is not associated higher
probability of extubation success. The potential mechanisms
remain unproven. In one randomized trial on B-type natriuretic
peptide (BNP) guided fluid use strategy was compared with usual
care. The BNP-guided group had more negative cumulative and
average daily fluid balance during weaning. It was associated with
higher number of ventilator-free days. Both groups had similar
fluid intake during weaning, which implies, that fluid intake may
have little impact on weaning or extubation outcome.>* The use of
diuretics to achieve negative fluid balance is controversial. Upadya
etal. reported that administration of diuretics was associated with
negative fluid balance but it was not independently associated with
weaning outcomes.*®

11. Role of electrolyte imbalance in weaning

Recommendation: We suggest to correct electrolyte imbalance
(sodium, chloride, potassium, phosphate, magnesium before initiation
of weaning).

Electrolyte abnormalities, including very low levels of phosphate
and magnesium, affect skeletal muscle function. In difficult-
weaning patient these small corrections can prove pivotal. No
studies have investigated the role of electrolyte abnormalities in
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weaning failure specifically. Metabolic disturbances that increase
the work of breathing affect weaning, including metabolic acidosis
and fever. Malnutrition and reduced muscle mass contribute to
difficult weaning. Feeding should be optimized to prevent under-
and overfeeding.>°

12. Role of diaphragmatic ultrasound in predicting weaning

Recommendation: Although diaphragmatic ultrasound is a promising
diagnostic tool, we suggest to develop more standardized protocols,
for further research and clinical application.

One of the reasons for weaning failure in mechanically ventilated
patients is Diaphragmatic dysfunction. Its prevalence ranges from
33t090%.%” Even a short duration of MV can lead to diaphragmatic
weakness. The use of NMBAs causes disuse atrophy of both types
of fibers namely fast-twitch and slow-twitch. This ultimately leads
to diaphragmatic dysfunction. Diaphragm atrophy can result in
prolonged MV, increased ICU length of stay, and a higher rate of
complications.*® Bedside or Point-of-care ultrasound can be used to
visualize diaphragm in patients on MV. Diaphragmatic ultrasound
is a readily amiable bedside tool. It helps to detect diaphragmatic
dysfunction, to anticipate extubation failure, to monitor respiratory
workload and to assess atrophy in mechanically ventilated
patients.3® Diaphragmatic ultrasound has been extensively studied
as a predictor of successful weaning from MV. However, it remains
difficult to draw general conclusions from individual studies due
to the marked variation in study design and population. Though

Table 5: Protocol for preparation and procedure for weaning>>4

defined cut-offs for measurements of diaphragmatic ultrasound
have been agreed but more robust data is required to support the
same (Tables 5 and 6).

13. How to prepare for weaning?

Recommendation: We recommend protocolized preparation for
weaning.

Protocol for preparation and procedure for weaning should contain
the following elements:

14 and 15. Which modes should be used for weaning?
Recommendation: We recommend SBT by T-piece or PSV method.

Many different modes or methodologies are used to assess the
adequacy of breathing during weaning. As per the literature, no
mode or technique is superior to others in early extubation, rate
of re-intubation or increasing ventilator-free days. The duration of
SBT is usually 30-120 minutes in all studies. Two types of modes are
routinely used: SBT with T-piece (disconnecting the patient from
the ventilator circuit and attaching T-piece tube with oxygen) and
SBT with PSV mode with pressure support of 8 cm H,O and PEEP
of 5cm H,0.

Success in first with the use of PSV is associated with a shorter
weaning period but it may underestimate the work of breathing
that may be required post-extubation. It was believed that it may
be associated with a higher risk of extubation failure. Sklar et al.
suggested that PSV may compensate for the additional work

Preparation:
Inform the patient (if conscious), about
The steps of Weaning process and what is expected of him or her.

Regarding the procedure in detail (first to remove ventilator and then to remove Endotracheal Tube

Probable difficulty in breathing through the tube
Reassurance

Use ventilator cards which helps intubated patients to communicate (like sign boards)

Suctioning equipment, Oxygen therapy devices, oral and nasal airways and Intubation tray should be standby. (including equipment for

difficult intubation)
Procedure:

Once preparation is done, keep patient in comfortable propped up position.

Pre-oxygenation (increase FiO, by 10-20% except in COPD patients)
Do thorough endotracheal, nasogastric and oral suctioning.
Plan the mode of weaning- low pressure support or T-piece

Take patient off the ventilator if weaning is planned through T-piece OR switch over to low pressure support mode (Pressure Support 6-8 cm

H,O above PEEP and PEEP 5 cm H,0)

Modified from references 39 and 40

Table 6: Parameters to be observed during weaning*'*?

Following parameters should be observed while weaning

Patient’s clinical status

Monitoring parameters

Breathlessness or respiratory distress
Profuse diaphoresis

Use of accessory muscles of respiration
Paradoxical breathing

Bronchospasm

Altered mental status

HR-watch for tachycardia, arrhythmia
BP-watch for accelerated hypertension
SpO,-watch for desaturation
CO,-watch for increasing ETCO,

ABG- after 30-120 minutes.

Weaning index-Preferably RSBI

Modified from references 41 and 42
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imposed by the endotracheal tube and thereby reduce the external
respiratory work and oxygen consumption by respiratory muscles
during SBT.*? Pellegrini et al.** concluded that in simple wean
patients, PSV may be better but in prolonged weaning patients,
T-piece might be associated with a shorter weaning. Thille et al.**
have concluded recently that PSV did not result in significantly more
ventilator-free days at day 28 as compared to T-piece in patients
who had a high risk of extubation failure. Daily SBTs led to early
extubation in a study by Esteban et al., when compared to gradual
PSV or SIMV weaning.* Brochard et al.*® compared three methods
of gradual withdrawal from ventilatory support and concluded that
gradual PSV weaning had a shorter weaning duration and higher
weaning success including extubation as compared to daily T-piece
SBT or SIMV weaning. SIMV and CPAP are no longer routinely used.

Recommendation: We suggest to use Adaptive Support Ventilation
(ASV) or Neurally Adjusted Ventilatory Assist (NAVA) or any other newer
modes if equipment and expertise are available.

Adaptive support ventilation is considered a closed-loop controlled
ventilator mode which is used for optimization of patient’s work
of breathing. A maximum plateau pressure and desired minute
ventilation are set and it automatically selects the ventilatory
pattern as per the settings and respiratory mechanics. Neurally
adjusted ventilatory assist is a mode of partial ventilatory assist
in which the proportion of the ventilatory assistance (timings and
intensity) is determined by respiratory drive. The respiratory drive
is measured by the electrical activity of the diaphragm.

Dongelmans DA et al.¥’ demonstrated ASV as a safer and more
useful mode while extubation time was similar to other modes.
Linton et al. tried ASV in chronic respiratory patients and found
that it is a cost-saving option in terms of the need for ICU-trained
manpower and respiratory therapists. Kirakli C et al.*® showed
that ASV may be used as a weaning mode in severe COPD patients
with the benefit of shorter weaning time. A recent meta-analysis
by Yuan et al.** concluded that, as compared to PSV, NAVA was
associated with an increased chance of weaning success, a higher
number of ventilator-free days, a lower duration of MV, and lower
hospital mortality.

16-18. Which weaning indices to use and what is their role in
predicting weaning?

Recommendations: We recommend RSBI as the weaning index as it is
easy, reproducible and simple. Routine use of other weaning indices is
not routinely recommended as they are complex, difficult to measure
or interpret and may require special equipment. Other weaning
indices can be utilized for specific situations for example, those with
inconclusive or variable RSBI, or some clinical dilemma.

Weaning Indices (Indices that Predict Successful
Ventilator Discontinuation)
Discontinuation of MV, SBT, and extubation are planned according
to ‘fitness’ for weaning, objective parameters like ABG, and
subjective observation of clinical condition. Many weaning indices
help in predicting weaning success, i.e., no need for re-intubation
or re-ventilation. Multiple indices were developed and tested over
time. No single index is best or ideal to predict in all patients as
there is lots of heterogeneity in the type of patients, number of
ventilation days, premorbid conditions, course of iliness, severity
of iliness, etc., (Table 7).

There are many weaning indices and predictors described in
literature as follows:
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Rapid Shallow Breathing Index (RSBI)

Yang and Tobin described RSBI:f/VT in 1991 and it one of the most
popular weaning indexes.>° It is easy to measure even by nurses,
does not require any cooperation from patients, and showed
reasonable predictability at cut off of 105 (<105: positive and >105:
negative). Positive RSBI, indicate a higher likelihood of weaning
success with a specificity of 64%, sensitivity of 97%, NPV of 95%
and PPV of 78%.>" Recent meta-analysis involving 10,946 patients
concluded moderate sensitivity (0.83, moderate certainty) but
poor specificity (0.58, moderate certainty) for RSBI. Rapid shallow
breathing index cut-off of <80 or 80-105 showed similar sensitivity,
and specificity.>?

Other Weaning Indices (WI)

Weaning index was first used by Huaringa et al.>? For predicting
weaning success, WI has a sensitivity was 98%, specificity was
89%, PPV was 95%, NPV was 94%, and area under the ROC curve
was 95.9. Multiple integrated weaning indices were proposed
by Vahedian-Azimi A et al.>®* They concluded that the Statistical
values of ten formulae for proposed variables were more than
87% (0.87-0.99).

There are many other indices proposed by various investigators
like occlusion pressure (P0.1), PO.1/maximum inspiratory pressure
ratio, gastric mucosal acidosis, diaphragmatic ultrasound-based
indices, esophageal pressure, compliance, rate, oxygenation,
pressure (CROP index), the compliance, oxygenation, respiration,
effort (CORE index), etc. But either they are not validated in further
studies or difficult to measure at the bedside or complex or require
further studies to know the accuracy, sensitivity, or specificity.>*~>’

19. When to consider weaning is successful or failed?

Recommendation: We recommend considering subjective and
objective criteria to conclude weaning success or failure.

Failure of SBT: Defined by subjective indices like respiratory distress,
altered mental status, profuse diaphoresis, use of accessory muscles
of respiration, etc.,and by objective indices like obvious tachypnoea,
tachycardia, accelerated hypertension, shock, respiratory acidosis,
precipitation of cardiac arrhythmias, etc.>®

Weaning success: As per the International Consensus Conference
and the majority of other studies, it is defined as no requirement of
reinstitution of ventilatory supportin the 48 hours after extubation.

Weaning failure: It is defined as the patient did not tolerate or fail
SBT or required re-intubation/reinstitution of ventilator support
within 48 hours after extubation or if a patient dies within 48 hours
after extubation.

As per weaning according to a new definition (WIND),
separation attempt means SBT with or without extubation in
intubated patients and no requirement of ventilator support 24
hours in tracheotomized patients.>> Weaning success was defined
as no reintubation required within 7 days after extubation and no
ventilator support required for 7 days after separation attempt in
tracheotomized patients.

20. When to repeat Weaning attempt once failed?
Recommendations: We recommend repeating SBT after 24 hours or
after resolution of the reason of failed SBT whichever is earlier.

21. How to ventilate, if patient fails SBT, in the interim period?

Recommendation: We recommend to use either PSV or Controlled
ventilation (non-fatiguing strategy) before giving another SBT.
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Table 7: Comparison of weaning indices

Index Cut off value Equation/Measurement Remarks
Respiratory rate (RR) <30/min - Simple
- Part of a routine monitoring
Tidal volume (Vt) >5mlL/kg - By Spirometer if patient is on T-piece - Require spirometer
- By Ventilator expiratory parameters if - Part of a routine monitoring on

patient is on PSV by keeping PSV and ventilator screen

PEEP at 0
Forced vital capacity (FVC)  >15 mL/kg Same as Tidal Volume Difficult to measure in all patients
Minute ventilation <15 L/min Vit x RR Easy to measure

Rapid shallow breathing
index (RSBI)

Maximum inspiratory
pressure (PImax)

PO0.1/PImax

PO.1 x f/VT

Dynamic compliance,
rate, oxygenation, max
inspiratory pressure (CROP
index)

Dynamic compliance,
oxygenation, rate, effort
(CORE index)

Weaning index (WI)

integrative weaning index
(Iwn

Heart rate, acidosis,
consciousness, oxygenation,
respiratory rate (HACOR)

Diaphragmatic RSBI

Minute ventilation recovery
time

<105 breaths/min/L

< -30 cm H,O (Normal:
-90-120 cm H,0)

>0.3

P0.1 is pressure at the
airway opening 0.1 s after
start of inspiratory flow

<300
>13

>8

<50

>25

1.767

f/Vt: frequency/Vt

Breathing with ventilator valves closed
(Pimax Maneuver)

P0.1/PImax

(Cdyn x PlImax x (PaO,/PAO,)/f

Cdyn x (PImax/P0.1) x (PaO,/PAO,)/f

RSBI x El x VDI

(El: peak pressure /negative inspiratory
force; VDI: MV/10)

(CRS x Sa0,)/(f/VT)

(CRS = Static compliance of the respira-
tory system)

Predicts weaning failure

RR/diaphragmatic displacement (in
millimeters) and expressed as breath/
minute/millimeter.

Calculated before and 30 min after SBT

— Most studied

- Easy to measure

- Very popular

- Simple to measure

- High sensitivity but less specificity
Requires patient’s co-operation

- Complex
- No added advantage

Less studied
Complex

- Complex

- Complex

- Very complex
- Labor intensive

- Complex

- More validated for predicting NIV
failure

- Predicts weaning failure

- Requires expertise

- Require larger study

- Simple but in accurate

- Multiple confounding factors

22. What to do when one fail to wean (Difficult weaning)?

Recommendations (Difficult/Prolonged Weaning): We recommend a
structured approach to diagnose and treat the cause of weaning failure
before offering repetitive SBTs.

The cause of difficult weaning can be established by a systematic
approach including respiratory mechanics-related issues (like
increased respiratory workload or decreased respiratory capability),
neuromuscular issues (like critical illness neuromyopathy) or
cardiovascular issues (like fluid overload, left heart failure),
metabolic issues (like non-resolution of primary disease or sepsis
or accumulation of sedative drugs, etc.), endocrine issues or
psychological issues (like delirium, depression, poor sleep quality,
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etc.). Aggressive physical therapy targeted toward improving
respiratory muscle strength and nutrition should be provided
for this category of patients. The common reasons for prolonged
weaning are Accumulation of fluid or sedative drugs, myopathy,
neuromyopathy, persistent sepsis, excessive secretions, significant
cardiovascular dysfunction, psychological issues, poor sleep quality,
diaphragmatic dysfunction, endocrine or metabolic reasons,
nutritional failure, etc.

23. Which extubation criteria to be used (extubation
screening)?

Recommendation: We recommend monitoring a combination of
criteria as per the clinical scenario.
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Various criteria for extubation are:

« Has the acute indication for intubation been resolved?

- Airway/Breathing—no significant airway, facial, or neck swelling;
was it difficult intubation; did the patient fail extubation in the
last 72 hours; no acute indication that the patient will fail to
protect own airway; adequacy of oxygenation (FiO, < 0.4, PaO,
>60 mm Hg, PEEP: +5 - +8); adequacy of gas exchange; chest
X-ray should be stable or improving; results of SBT.

- Airway protection and patency factors—the patient should be
breathing effectively without any exertion, ability to protect the
airway (cough reflex), the volume of tracheobronchial secretions
and suctioning frequency (<4 hourly), cough strength, level of
consciousness, cuff leak test.

+ Spontaneous breathing trial—there are uncertainties on the
duration of the test, optimal level of PEEP to be used, and
definition of SBT pass or fail. Successful accomplishment of
SBT does not necessarily imply that the patient is ready for
extubation.

« Circulation—no tachycardia, nil or low dose vasoactive agents,
systolic BP >90 mm Hg or mean BP >60 mm Hg, stable cardiac
rhythm, no ongoing myocardial ischemia.

- Neurological—Ievel of consciousness, no ongoing sedation or
neuromuscular blockade, neck holding, able to hold up arms in
the air for 15 seconds, good pain control.

+ Fluid/electrolyte status—no significant acid-base disturbances,
no significant electrolyte disturbances, optimized fluid status

- Others—easy vs difficult intubation, need for any procedures,
time of the day, staff skill in unit overnight.

+ Measured parameters—RSBI <105 breaths/minute/L, intra-
pulmonary shunt fraction via pulmonary artery catheter <15%,
physiological dead space <40%, vital capacity of 15 mL/kg or
more, maximum negative inspiratory force of 30 cm H,O or more.

- Rapid shallow breathing index is used to predict extubation if
the primary indication for invasive ventilation is a respiratory
issue.’®>° Rapid shallow breathing index predicted 58%
extubation successin a prospective observational study. Though
simple to perform, it is a poor indicator as nearly two-thirds of
the patients are intubated for non-respiratory indications.®
Ventilator support settings and variation due to SBT initiation
can influence RSBI.

Multiple prediction scores have been developed to predict
extubation outcomes in patients on invasive ventilation. The ability
of indicators to predict extubation outcomes has varied among
studies.5! Each variable is a predictor of extubation failure with
varying results depending upon the population studied, trained
expertise, and medical resources available in the clinical setup with
a synergistic effect of these factors.>®*%%" Predicting a patient’s
predisposition to be extubated is dependent on many physiological
variables. There are no gold standard indices to predict extubation.

24-28. What helps in preventing unplanned extubation?
Recommendation:

We recommend incorporating the diagnosis of delirium as a cause of
agitation in sedation protocol.

We recommend the use of physical restraints only in clinically
appropriate situations and not as a routine part of therapy.

We recommend standardizing endotracheal tube securement and
developing protocols to identify patients ready for weaning and
extubation. We suggest an adequate nurse-to-patient ratio to help
prevent unplanned extubation.
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We recommend quality surveillance to identify and reduce the
incidence of unplanned extubation in a unit.
Preventive measures:

« Quality improvement surveillance programs are associated with
a reduction in unplanned extubation (UE).

+ Physical restraints—Inconsistent results have been reported
with the use of physical restraints on the incidence of unplanned
extubation. Paradoxical findings have been reported on the use
of physical restraints in patients with unplanned extubation.5263
On the other hand, a higher incidence of delirium (39.8%) is
reported with the use of physical restraints.5*

» Education with updated information on best practices.

- Respiratory care services and collaborative efforts with critical
care teams is necessary.

« Securing the endotracheal tube—It is still a contentious
issue over which fixation method is more valuable to prevent
unplanned extubation ways of securing endotracheal tube or
tracheostomy tube should be standardized, e.g., tape and tie
together vs securement devices guided by cost and associated
skin integrity issues.

« Implementing standardized practices—Documenting position
of endotracheal tube referenced to teeth; documenting position
of endotracheal tube referenced to chest X-ray; documenting
endotracheal tube cuff pressures; ventilator circuit should be
steadied with arm-support; ensuring secure endotracheal tube
during inter- and intra-hospital transport.

« Painanddiscomfort along with a desire to communicate increase
theincidence of unplanned extubation. Assessing the degree of
pain with commonly used pain scales, and controlling agitation
and optimizing analgesia helps. Assessing a patient’s emotional
and mental status helps in safeguarding safety.

« Implementing a sedation protocol will prevent injury in patients
with self-extubation.

- A number of intubation days also influences a number of
unplanned extubations. A study noted patients with unplanned
extubation had longer duration of MV, longer stay in the ICU,
and longer hospital stay.5

- Protocols to identify a patient’s readiness for weaning from
invasive ventilation, if patients meet weaning readiness criteria,
a SBT should be attempted and if they pass, they should be fast-
tracked to extubation. Weaning protocols have been noted to
be a significant predictor of UE with a lower re-intubation rate
and significantly shorter ventilator duration in a prospective
cohort study.’

+ Having standardized sedation, weaning, and pain protocols
is the strongest predictor of UE.®® Unit protocols need to be
validated annually by intensivists, respiratory care therapists,
and clinical nurse specialists on the basis of current evidence-
based respiratory recommendations.

« A nurse-to-patient ratio of 1:3 was associated with a higher risk
of UE according to a multidisciplinary survey-nursing care is an
important factor in preventing UE. Nurse experience of less than
5 years is associated with a higher risk of UE 5758

« Patient load, shift arrangement with a higher prevalence of UE
in units managed by junior residents and during night shifts,
and interdisciplinary interaction affect UE.®

29. When to re-intubate after accidental extubation?

Recommendation: We recommend re-intubation after unplanned
extubation in patients with upper airway obstruction, increased
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secretion burden, respiratory failure due to exhaustion, impaired or
reduced level of consciousness, and cardiopulmonary arrest.

Most patients required re-intubation within 1 hour of UE.”°
Likelihood of re-intubation was associated with age > 65 years, full
ventilatory support, assisted/control ventilator mode, arterial pH >
7.45 before UE, PaO,/FiO2 < 200-250 mm Hg before UE, Glasgow
coma scale score <11, non-surgical patients, and presence of >3
comorbidities.!*”17*

Common indications requiring re-intubation after UE are;
(1) Upper airway obstruction, (2) increased secretion burden, (3)
respiratory failure due to exhaustion, (4) impaired or decreased
level of consciousness, (5) cardiopulmonary arrest, (6) need for
sedation for diagnostic or therapeutic procedures. Post-UE vigilance
for with high-intensity monitoring is necessary to assess the for
need re-intubation.

30 and 31. What is the role of cuff leak test in extubation?

Recommendation: We suggest performing a cuff leak test [CLT] in
mechanically ventilated adults who meet extubation criteria and are
considered at high risk for post-extubation stridor.

We recommend having a protocolized surveillance, assessment, and
treatment policy in the units to obviate the routine need to perform
CLT prior to extubation.

Definitions of CLT have varied among studies. Methodological
differences have influenced the incidence and predictive value of CLT.
A high sensitivity and specificity of CLT for post-extubation airway
obstruction has been reported.”>”8 A multi-center prospective study
of unselected critically ill patients noted peri-extubation stridor (PES)
in less than 10% of patients.”” A comprehensive PES risk screening
tool guides intensivists to target CLT evaluations. A meta-analysis
of 14 observational studies showed that performing a CLT reduced
the occurrence of post-extubation stridor and decreased the rate
of reintubation. However, it showed a delay in extubation of the
patients.”® Additionally, most patients whose extubation decisions are
not based on CLT results are successfully extubated. A CLT decreases
re-intubation rate, and PES rate, delays extubation, and does not affect
the duration of MV. Cuff leak test should be reserved for patients at
high risk for PES such as those who experienced traumatic intubation,
required intubation for more than 6 days, have a large endotracheal
tube, female gender, or required re-intubation after an unplanned
extubation.”*#° Each patient should be individually evaluated for risk
factors for failed extubation as a best practice. There is no need for
repeating a CLT after administration of systemic steroids.

32 and 33. Post-extubation stridor and role of medications on
its prevention and treatment.

Recommendations:

We recommend administering systemic corticosteroids at least 4 hours
before extubation in patients to prevent stridor and re-intubation in
high-risk population.

We make no recommendations on the role of steroids in routine
planned extubation.

We recommend that, Non-invasive ventilation should not be used in
the treatment of patients with post-extubation stridor and consider
timely re-intubation.

Prevention of Post-extubation Stridor:

A randomized, double-blind trial of methylprednisolone versus
placebo before extubation in all patients (a cuff leak test was
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not performed) noted that steroids reduced post-extubation
stridor, re-intubations, and re-intubations due to post-extubation
stridor.8" A meta-analysis documented a reduced incidence of
post-extubation events compared with placebo or no treatment
following prophylactic corticosteroids pre-elective extubation.®? The
effect of steroids on reintubation and stridor was more pronounced
for selected high-risk patients (traumatic intubation, low cuff-leak
value. or previous extubation failure), as determined by a reduced
cuff leak volume. In contrast, steroid benefit was unclear when
trials did not select patients for their risk of reintubation. Steroids
were administered at least 4-24 hours before extubation in all
but one trial. The dose and timing of steroids administered varied
amongst the analyzed trials. However, the benefits of corticosteroids
for the prevention of PES are seen following repeated doses of
corticosteroids, or administration 12-24 hours pre-extubation.2>The
frequency and severity of adverse effects of systemic corticosteroids
outweigh the benefits given their short duration of action. A repeat
cuff leak test is not required after the administration of systemic
steroids.®* A prospective, randomized double-blind, placebo-
controlled study noted a 50% drop in the incidence of respiratory
distress and the need for reintubation in patients who were
nebulized with budesonide vs saline post-extubation.®

Treatment of Post-extubation Stridor:

A methylprednisolone dose of 40 mg intravenously or
dexamethasone 5 mg intravenously is suggested based on the
dose used for prevention of post-extubation laryngeal edema or
1 mg of nebulized budesonide.

Intravenous corticosteroids and nebulized epinephrine (dose-1
mg in 5 mL) for 24-48 hours, and elevation of the head end of the
bed to reduce venous congestion help lessen edema.?®

A multicenter randomized trial comparing non-invasive
ventilation (NIV) to standard medical therapy for patients with
respiratory failure post-extubation did not find any difference in
the need for re-intubation between the two groups. Additionally,
the median time from respiratory failure to reintubation was longer
in the NIV group.8¢

Re-intubation is the definitive treatment and should not be
delayed in indicated patients.

34. Role of HELIOX in post-extubation stridor.

Recommendations: No recommendation can be given on routine use
of Heliox for post-extubation stridor

Anecdotally using heliox is associated with reduced need for
intubation. Clinical efficacy in adults is yet to be proven. Further
robust research in the form of prospective randomized clinical
trials is needed to validate the therapeutic efficacy of Heliox and
study reduction in re-intubation rate in those with post-extubation
stridor.2” However, till more evidence is available it is not possible
to recommend the routine use of heliox in non-intubated patients
with expiratory airflow limitation.

35. Does Tracheostomy help in early weaning?

Recommendation: We recommend tracheostomy as a mean to
facilitate weaning in difficult to wean patients.

Due to the physiological advantages of reduced dead space, less
airway resistance, decreased work of breathing, better pulmonary
toileting, less likelihood of tube obstruction, improved patient
comfort, less need for sedation, and more chances of moving
patient out of the ICUs, tracheostomy is likely to facilitate weaning.
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Beyond these, in a prospective study, Mohr et al. concluded that
tracheostomy facilitates weaning by a mechanism other than
improvement in ventilatory mechanics and gas exchange.® The
literature has shown a beneficial effect of early tracheostomy on
difficult weaning.8°° A position statement by the ISCCM expert
panel states that “early tracheostomy may reduce the duration
of MV and may result in more ventilator-free days in critically ill
patients”’! However, cohort studies have also reported a longer
durations of MV and ICU and hospital stay in tracheostomised
patients but effects on mortality are inconsistent.®?

36-38. Do weaning to NIV or HFNO helps?
Recommendations:

We recommend that NIV should be used as weaning strategy for
difficult weaning.

We suggest HFNO as a post-extubation weaning strategy for hypoxemic
patients at risk of developing acute respiratory failure.

We do not give preference of either modalities, HFNO or NIV, for
weaning.

Randomized control trial and meta-analysis have clearly shown
the beneficial effects of judicious NIV for weaning. Cochrane
review showed that weaning with NIV significantly reduced
mortality, weaning failures, ventilator-associated pneumonia,
and LOS in ICU and in hospital, reduced rates of tracheostomy,
reintubation, and total duration of MV but no significant effect on
the duration of ventilation related to weaning.”® Mortality benefits
were significantly greater in trials on patients with COPD than in
mixed patient populations.”® Lately, the clinical benefit of HFNO
on weaning has been suggested due to a moderate PEEP effect
with increased end-expiratory lung volume, CO, washout from
nasopharyngeal dead space, and preservation of mucosal function.
This leads to improved oxygenation, optimal secretion removal,
decreased airway resistance, intrinsic PEEP, and work of breathing,
without adding to patient discomfort.”* Compared to conventional
0,, HFNO has been shown not only to improve oxygenation and
respiratory comfort but also to decrease the need for reintubation
and post-extubation NIV in the ICU population.®® In patients at
low risk for extubation failure, HFNO has also been demonstrated
to decrease post-extubation ARF and reintubation rate within 72
hours.?® High flow nasal oxygen has advantages over NIV as it
is a simpler technique, better tolerated, and more comfortable.
Moreover, it can be used in a complementary way with preventive
post-extubation NIV in high-risk patients for reintubation, especially
in acute ARF. We need further randomized controlled studies to see
whether HFNO can substitute for NIV to prevent reintubation, or
even to treat post-extubation ARF.7¢~%8

39. Do specialized Weaning Centers help?

Recommendation: We suggest that patients with weaning failure can
be considered for transfer from acute care settings to a specialist center,
where available.

For difficult-to-wean patients or patients who need to be on home
ventilatory support, for continuity of care, specialized units or
units in centers with the appropriate multidisciplinary expertise
of different professional groups involving the respiratory therapist,
specialized nurse, and the necessary infrastructure are proposed.
These centers need to have interdisciplinary and inter-hospital
collaborations between specialists due to the heterogeneous
clinical profiles of the patients and the different structural
organizations of the hospitals. In a multi-center non-randomized
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controlled observational German study on 61 patients considered
unfit for weaning admitted to a weaning center, 82% were
successfully weaned off from invasive ventilation in the weaning
centers, 34% of them with the aid of NIV, and the survival rate at
1 year was higher than in the group without invasive ventilation
(90 vs 55%).”° In another prospective observational cohort study
of 262 patients admitted to a specialist weaning center in the UK,
favorable short-term and long-term clinical outcomes were seenin
patients with weaning delay and failure.'® It is premature for the
panel to recommend specialist centers for weaning in resource-
limited Indian settings but the panel does suggest the creation of
such centers for resource optimization.

40. Do Nurse or Respiratory therapist driven protocol lead to
early weaning?

Recommendation: We suggest Implementation of nurse or respiratory
therapist driven weaning protocol after adequate training and
competency assessment.

Literature has shown a positive impact on outcomes with nurse or
respiratory therapist-driven weaning as compared to physician-
led weaning.'®’ A meta-analysis of three studies including
532 patients, showed a significant difference in reducing the
duration of MV (mean differences = -1.69 days), ICU LOS (mean
differences = -2.04 days, 12 = 18%, and p = 0.00001); and hospital
LOS (mean differences = -2.9 days, 12 = 0%, and p = 0.00001) with
a nurse-led weaning protocol."” A 2011 Cochrane systematic
review and meta-analysis concluded that protocolized weaning
in comparison with usual care, the average total time spent on
the ventilator was reduced by 25%, the duration of weaning
was reduced by 78%, and the length of ICU stay reduced by 10%
without adverse outcomes.'”® A multi-center prospective cohort
study by Teixeira et al. concluded that use of a protocol in patients
failing their first SBT led to significantly higher extubation rates
with reduced mortality. Extubation failure reduced to 13.3% in
the protocol group from 30.4% in the non-protocol group.'**
Another randomized controlled trial in a coronary care unit showed
significantly faster times to extubation and lower reintubation rates
(16.7%), once weaning protocol was initiated.'%

41. Effect of ICU staffing on weaning success?

Recommendation: No recommendation can be given on the effect of
ICU staffing on weaning success.

Although it is expected that a better nurse-patient ratio would
result in successful weaning outcomes, no convincing literature
is available studying the impact of nursing staff ratio on weaning.

42. What are future perspectives in weaning?

Recommendation: No specific recommendation can be given on use of
artificial intelligence or bio-signal based weaning protocols.

An Al prediction model with machine learning algorithms with
the use of artificial intelligence with physiological parameters
as predictors of weaning success has been brought into clinical
practice. These Al models develop an application to evaluate risk
based on patients previous medical data, the clinical and laboratory
parameters, and ventilatory settings to assist clinicians predict
patient outcomes.'® A bio-signal-based weaning prediction
practice, which would continuously reflect the patient’s clinical
and physiological progression over time seems to be a promising
tool to assist clinicians in determining the optimal extubation
time. Bio-signal data-based markers obtained during SBTs
including electrocardiogram (ECG), respiratory impedance, photo-
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plethysmography (PPG), arterial blood pressure, and ventilator
parameters, would provide a better physiological information
about the patient’s status.'” A prospective study of retrospectively
analyzed breathing pattern variability in a surgical ICU in 78
mechanically ventilated postoperative patients showed that small
breathing pattern variability is associated with a high incidence of
weaning failure. This Breathing pattern variability can potentially
serve as a weaning predictor.'® All these parameters need well-
planned RCTs but have promising future prospects.

ORciID

Anuj M Clerk ® https://orcid.org/0000-0001-8944-0077

Ritesh J Shah ® https://orcid.org/0000-0003-1076-8454

Jay Kothari ® https://orcid.org/0000-0001-9105-6955
Kanwalpreet Sodhi ©® https://orcid.org/0000-0002-7377-9225
Sonali Vadi ® https://orcid.org/0000-0002-7341-2407

Pradip K Bhattacharya ® https://orcid.org/0000-0002-0219-385X
Rajesh C Mishra ® https://orcid.org/0000-0001-6305-5998

REFERENCES

1. Guyatt GH, Oxman AD, Vist GE, KunzR, Falck-Ytter Y, Alonso-Coello P,
et al. GRADE: An emerging consensus on rating quality of evidence
and strength of recommendations. BMJ 2008;336(7650):924-926.
DOI: 10.1136/bmj.39489.470347.AD.

2. Guyatt GH, Oxman AD, Kunz R, Vist GE, Falck-Ytter Y, Schiinemann HJ,
etal. Whatis“quality of evidence”and why is it important to clinicians?
BMJ 2008;336(7651):995-998. DOI: 10.1136/bmj.39490.551019.BE.

3. Guyatt GH, Oxman AD, Kunz R, Falck-Ytter Y, Vist GE, Liberati A, et
al. Going from evidence to recommendations. BMJ 2008;336(7652):
1049-1051. DOI: 10.1136/bm;j.39493.646875.AE.

4. Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot C, et al.
Weaning from mechanical ventilation. Eur Respir J 2007;29(5):
1033-1056. DOI: 10.1183/09031936.00010206.

5. Ely EW, Baker AM, Dunagan DP, Burke HL, Smith AC, Kelly PT,
et al. Effect on the duration of mechanical ventilation of identifying
patients capable of breathing spontaneously. N Engl J Med
1996;335(25):1864-1869. DOI: 10.1056/NEJM199612193352502.

6. Kollef MH, Shapiro SD, Silver P, St John RE, Prentice D, Sauer S, etal. A
randomized, controlled trial of protocol-directed versus physician-
directed weaning from mechanical ventilation. Crit Care Med
1997;25(4):567-574. DOI: 10.1097/00003246-199704000-00004.

7. Wagner DP. Economics of prolonged mechanical ventilation. Am Rev
Respir Dis 1989;140(2 Pt 2):514-518.DOI: 10.1164/ajrccm/140.2_Pt_2.
S14.

8. Vincent WR 3rd, Hatton KW. Critically ill patients need “FAST
HUGS BID” (an updated mnemonic). Crit Care Med 2009;37(7):
2326-2327;author reply 2327.DOI: 10.1097/CCM.0b013e3181aabc29.

9. Nair AS, Naik VM, Rayani BK. FAST HUGS BID: Modified mnemonic
for surgical patient. Indian J Crit Care Med 2017;21(10):713-714.
DOI: 10.4103/ijccm.lJCCM_289_17.

10. Esteban A, Anzueto A, Frutos F, Alia |, Brochard L, Stewart TE, et al.
Characteristics and outcomes in adult patients receiving mechanical
ventilation: A 28-day international study. JAMA 2002;287(3):345-355.
DOI: 10.1001/jama.287.3.345.

11. Coplin WM, Pierson DJ, Cooley KD, Newell DW, Rubenfeld GD.
Implications of extubation delay in brain-injured patients
meeting standard weaning criteria. Am J Respir Crit Care Med
2000;161(5):1530-1536. DOI: 10.1164/ajrccm.161.5.9905102.

12. Seneff MG, Zimmerman JE, Knaus WA, Wagner DP, Draper EA.
Predicting the duration of mechanical ventilation. The importance
of disease and patient characteristics. Chest 1996;110(2):469-479.
DOI: 10.1378/chest.110.2.469.

13. Clark PA, Inocencio RC, Lettieri CJ. I-TRACH: Validating a tool for
predicting prolonged mechanical ventilation. J Intensive Care Med
2018;33(10):567-573. DOI: 10.1177/0885066616679974.

Indian Journal of Critical Care Medicine, Volume 28 Issue Suppl 2 (August 2024)

14.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Macintyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink JB, Heffner JE,
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(6 Suppl):3755-395S. DOI: 10.1378/chest.120.6_
suppl.375s.

Anifantaki S, Prinianakis G, Vitsaksaki E, Katsouli V, Mari S, Symianakis
A, et al. Daily interruption of sedative infusions in an adult medical-
surgical intensive care unit: Randomized controlled trial. J Adv Nurs
2009;65(5):1054-1060. DOI: 10.1111/j.1365-2648.2009.04967.X.
Bucknall TK, Manias E, Presneill JJ. A randomized trial of protocol-
directed sedation management for mechanical ventilation in an
Australian intensive care unit. Crit Care Med 2008;36(5):1444-1450.
DOI: 10.1097/CCM.0b013e318168f82d.

Mansouri P, Javadpour S, Zand F, Ghodsbin F, Sabetian G, Masjedi M,
et al. Implementation of a protocol for integrated management
of pain, agitation, and delirium can improve clinical outcomes
in the intensive care unit: a randomized clinical trial. J Crit Care
2013;28(6):918-922. DOI: 10.1016/j.jcrc.2013.06.019.

Brook AD, Ahrens TS, Schaiff R, Prentice D, Sherman G, Shannon W,
etal.Effectofanursing-implemented sedation protocol on the duration
of mechanical ventilation. Crit Care Med 1999;27(12):2609-2615.
DOI: 10.1097/00003246-199912000-00001.

Qi Z, Yang S, Qu J, Li M, Zheng J, Huang R, et al. Effects of nurse-led
sedation protocols on mechanically ventilated intensive care adults:
A systematic review and meta-analysis. Aust Crit Care 2021;34(3):
278-286.DOI: 10.1016/j.aucc.2020.07.013.

Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC,
Pandharipande PP, et al. Clinical practice guidelines for the prevention
and management of pain, agitation/sedation, delirium, immobility,
and sleep disruption in adult patients in the ICU. Crit Care Med
2018;46(9):e825-e873. DOI: 10.1097/CCM.0000000000003299.
Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interruption of
sedative infusions in critically ill patients undergoing mechanical
ventilation. N Engl J Med 2000;342(20):1471-1477. DOI: 10.1056/
NEJM200005183422002.

Girard TD, Kress JP, Fuchs BD, Thomason JW, Schweickert WD, Pun
BT, et al. Efficacy and safety of a paired sedation and ventilator
weaning protocol for mechanically ventilated patients in intensive
care (Awakening and Breathing Controlled trial): A randomised
controlled trial. Lancet 2008;371(9607):126-134.DOI: 10.1016/50140-
6736(08)60105-1.

Strem T, Martinussen T, Toft P. A protocol of no sedation for critically ill
patients receiving mechanical ventilation: Arandomised trial. Lancet
2010;375(9713):475-480. DOI: 10.1016/50140-6736(09)62072-9.
Rello J, Diaz E, Roque M, Vallés J. Risk factors for developing
pneumonia within 48 hours of intubation. Am J Respir Crit Care Med
1999;159(6):1742-1746. DOI: 10.1164/ajrccm.159.6.9808030.

Luetz A, Goldmann A, Weber-Carstens S, Spies C. Weaning from
mechanical ventilation and sedation. Curr Opin Anaesthesiol
2012;25(2):164-169. DOI: 10.1097/AC0O.0b013e32834f8ce7.

Ely EW. The ABCDEF Bundle: Science and philosophy of how ICU
liberation serves patients and families. Crit Care Med 2017;45(2):
321-330. DOI: 10.1097/CCM.0000000000002175.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J,
etal. Caring for critically ill patients with the ABCDEF bundle: Results
of the ICU liberation collaborative in over 15,000 adults. Crit Care Med
2019;47(1):3-14. DOI: 10.1097/CCM.0000000000003482.

Forel JM, Roch A, Marin V, Michelet P, Demory D, Blache JL,
et al. Neuromuscular blocking agents decrease inflammatory
response in patients presenting with acute respiratory distress
syndrome. Crit Care Med 2006;34(11):2749-2757. DOI: 10.1097/01.
CCM.0000239435.87433.0D.

Warr J, Thiboutot Z, Rose L, Mehta S, Burry LD. Current therapeutic
uses, pharmacology, and clinical considerations of neuromuscular
blocking agents for critically ill adults. Ann Pharmacother
2011;45(9):1116-1126. DOI: 10.1345/aph.1Q004.

S245


https://orcid.org/0000-0001-8944-0077
https://orcid.org/0000-0001-8944-0077
https://orcid.org/0000-0003-1076-8454
https://orcid.org/0000-0003-1076-8454
https://orcid.org/0000-0001-9105-6955
https://orcid.org/0000-0001-9105-6955
https://orcid.org/0000-0002-7377-9225
https://orcid.org/0000-0002-7377-9225
https://orcid.org/0000-0002-7341-2407
https://orcid.org/0000-0002-7341-2407
https://orcid.org/0000-0002-0219-385X
https://orcid.org/0000-0002-0219-385X
https://orcid.org/0000-0001-6305-5998
https://orcid.org/0000-0001-6305-5998

ISCCM Committee on Weaning from Mechanical Ventilator

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

47.

S$246

NHLBI Workshop summary. Respiratory muscle fatigue. Report of
the Respiratory Muscle Fatigue Workshop Group. Am Rev Respir Dis
1990;142(2):474-480. DOI: 10.1164/ajrccm/142.2.474.

ChlanLL, Tracy MF, Guttormson J, Savik K. Peripheral muscle strength
and correlates of muscle weakness in patients receiving mechanical
ventilation. Am J Crit Care 2015;24(6):e91-e98. DOI: 10.4037/
ajcc2015277.

Wolfe KS, Patel BK, MacKenzie EL, Giovanni SP, Pohlman AS, Churpek
MM, et al. Impact of vasoactive medications on ICU-acquired
weakness in mechanically ventilated patients. Chest 2018;154(4):
781-787. DOI: 10.1016/j.chest.2018.07.016.

Borges LGA, Savi A, Teixeira C, de Oliveira RP, De Camillis MLF, Wickert
R, et al. Mechanical ventilation weaning protocol improves medical
adherence and results. J Crit Care 2017;41:296-302. DOI: 10.1016/j.
jcre.2017.07.014.

Mekontso Dessap A, Roche-Campo F, Kouatchet A, Tomicic V,
Beduneau G, Sonneville R, et al. Natriuretic peptide-driven fluid
management during ventilator weaning: A randomized controlled
trial. Am J Respir Crit Care Med 2012;186(12):1256-1263.DOI: 10.1164/
rccm.201205-09390C.

Upadya A, Tilluckdharry L, Muralidharan V, Amoateng-Adjepong Y,
Manthous CA. Fluid balance and weaning outcomes. Intensive Care
Med 2005;31(12):1643-1647. DOI: 10.1007/500134-005-2801-3.
Mechanick JI, Brett EM. Nutrition and the chronically critically
ill patient. Curr Opin Clin Nutr Metab Care 2005;8(1):33-39. DOI:
10.1097/00075197-200501000-00006.

Coakley JH, Nagendran K, Yarwood GD, Honavar M, Hinds CJ. Patterns
of neurophysiological abnormality in prolonged critical illness.
Intensive Care Med 1998;24(8):801-807.DOI: 10.1007/s001340050669.
Matamis D, Soilemezi E, Tsagourias M, Akoumianaki E, Dimassi S,
Boroli F, et al. Sonographic evaluation of the diaphragm in critically
ill patients. Technique and clinical applications. Intensive Care Med
2013;39(5):801-810. DOI: 10.1007/s00134-013-2823-1.

Jordan J, Rose L, Dainty KN, Noyes J, Blackwood B. Factors thatimpact
on the use of mechanical ventilation weaning protocols in critically
ill adults and children: A qualitative evidence-synthesis. Cochrane
Database Syst Rev 2016;10(10):CD011812. DOI: 10.1002/14651858.
CDO011812.pub2.

Blackwood B, Burns KE, Cardwell CR, O’Halloran P. Protocolized versus
non-protocolized weaning for reducing the duration of mechanical
ventilation in critically ill adult patients. Cochrane Database Syst Rev
2014;2014(11):CD006904. DOI: 10.1002/14651858.CD006904.pub3.
Burns KEA, Rizvi L, Cook DJ, Lebovic G, DodekP, Villar J, et al. Canadian
critical care trials group. Ventilator weaning and discontinuation
practices for critically ill patients. JAMA 2021;325(12):1173-1184.
DOI: 10.1001/jama.2021.2384.

Sklar MC, Burns K, Rittayamai N, Lanys A, Rauseo M, Chen L,
et al. Effort to breathe with various spontaneous breathing trial
techniques. A physiologic meta-analysis. Am J Respir Crit Care Med
2017;195(11):1477-1485. DOI: 10.1164/rccm.201607-13380C.
Pellegrini JA, Moraes RB, Maccari JG, de Oliveira RP, Savi A, Ribeiro
RA, et al. Spontaneous breathing trials with t-piece or pressure
support ventilation. Respir Care 2016;61(12):1693-1703. DOI: 10.4187/
respcare.04816.

Thille AW, Gacouin A, Coudroy R, Ehrmann S, Quenot JP, Nay MA, et al.
REVA Research Network. Spontaneous-breathing trials with pressure-
supportventilation ora T-piece. N EnglJ Med 2022;387(20):1843-1854.
DOI: 10.1056/NEJM0a2209041.

Esteban A, Frutos F, Tobin MJ, Alia |, Solsona JF, Valverdu |, 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. DOI: 10.1056/NEJM199502093320601.
Brochard L, Rauss A, Benito S, Conti G, Mancebo J, Rekik N, 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. DOI: 10.1164/ajrccm.150.4.7921460.
Dongelmans DA, Veelo DP, Paulus F, de Mol BA, Korevaar JC,
Kudoga A, et al. Weaning automation with adaptive support

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

ventilation: A randomized controlled trial in cardiothoracic
surgery patients. Anesth Analg 2009;108(2):565-571. DOI: 10.1213/
ane.0b013e318190c49f.

Kirakli C, Ozdemir I, Ucar ZZ, Cimen P, Kepil S, Ozkan SA.
Adaptive support ventilation for faster weaning in COPD: A
randomised controlled trial. Eur Respir J 2011;38(4):774-780. DOI:
10.1183/09031936.00081510.

Yuan X, Lu X, Chao'Y, Beck J, Sinderby C, Xie J, et al. Neurally adjusted
ventilatory assist as a weaning mode for adults with invasive
mechanical ventilation: A systematic review and meta-analysis. Crit
Care 2021;25(1):222. DOI: 10.1186/513054-021-03644-z.

Yang KL, Tobin MJ. A prospective study of indexes predicting the
outcome of trials of weaning from mechanical ventilation. N Engl
J Med 1991;324(21):1445-1450. DOI: 10.1056/NEJM1991052332
42101.

Trivedi V, Chaudhuri D, Jinah R, Piticaru J, Agarwal A, Liu K, et al.
The usefulness of the rapid shallow breathing index in predicting
successful extubation: A systematic review and meta-analysis. Chest
2022;161(1):97-111. DOI: 10.1016/j.chest.2021.06.030.

Huaringa AJ, Wang A, Haro MH, Leyva FJ. The weaning index as
predictor of weaning success. J Intensive Care Med 2013;28(6):369-
374.DOI: 10.1177/0885066612463681.

Vahedian-Azimi A, Gohari-Moghadam K, Rahimi-Bashar F, Samim A,
Khoshfetrat M, Mohammadi SM, et al. New integrated weaning indices
from mechanical ventilation: A derivation-validation observational
multicenter study. Front Med (Lausanne) 2022;9:830974.DOI: 10.3389/
fmed.2022.830974.

Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot C, et al.
Weaning from mechanical ventilation. Eur Respir J 2007;29(5):
1033-1056. DOI: 10.1183/09031936.00010206.

Béduneau G, Pham T, Schortgen F, Piquilloud L, Zogheib E, Jonas
M, et al. Weaning according to a new definitio (WIND) study group
and the Réseau Européen de Recherche en Ventilation Artificielle
(REVA) Network. Epidemiology of weaning outcome according
to a new definition. The WIND study. Am J Respir Crit Care Med
2017;195(6):772-783. DOI: 10.1164/rccm.201602-03200C.

Shamil PK, Gupta NK, Ish P, Sen MK, Kumar R, Chakrabarti S, et al.
Prediction of weaning outcome from mechanical ventilation using
diaphragmatic rapid shallow breathing index. Indian J Crit Care Med
2022;26(9):1000-1005. DOI: 10.5005/jp-journals-10071-24316.

John PJ, Johnson S, Shenoy S. Comparison of five weaning indices in
predicting successful weaning from mechanical ventilation. Ind J Resp
Care 2013;2:299-306. DOI: 10.5005/jp-journals-11010-02208.
Tanaka A, Kabata D, Hirao O, Kosaka J, Furushima N, Maki Y, et al.
Prediction model of extubation outcomes in critically ill patients:
A multicenter prospective cohort study. J Clin Med 2022;11(9):2520.
DOI: 10.3390/jcm11092520.

Karthika M, Al Enezi FA, Pillai LV, Arabi YM. Rapid shallow breathing
index. Ann Thorac Med 2016;11(3):167-176. DOI: 10.4103/1817-
1737.176876.

Kifle N, Zewdu D, Abebe B, Tantu T, Wondwosen M, Hailu Y, et al.
Incidence of extubation failure and its predictors among adult
patients in intensive care unit of low-resource setting: A prospective
observational study. PLoS One 2022;17(11):e0277915. DOI: 10.1371/
journal.pone.0277915.

Kulkarni AP, Agarwal V. Extubation failure in intensive care unit:
Predictors and management. Indian J Crit Care Med 2008;12(1):1-9.
DOI: 10.4103/0972-5229.40942.

Chang LY, Wang KW, Chao YF. Influence of physical restraint on
unplanned extubation of adult intensive care patients: A case-
control study. Am J Crit Care 2008;17(5):408-415;quiz 416. PMID:
18775996.

Tominaga GT, Rudzwick H, Scannell G, Waxman K. Decreasing
unplanned extubations in the surgical intensive care unit. Am J
Surg 1995;170(6):586-589; discussion 589-590. DOI: 10.1016/s0002-
9610(99)80021-x.

Pan 'Y, Jiang Z, Yuan C, Wang L, Zhang J, Zhou J, et al. Influence of
physical restraint on delirium of adult patients in ICU: A nested

Indian Journal of Critical Care Medicine, Volume 28 Issue Suppl 2 (August 2024)



ISCCM Committee on Weaning from Mechanical Ventilator

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

case-control study. J Clin Nurs 2018;27(910):1950-1957. DOI: 10.1111/
jocn.14334.

Epstein SK, Nevins ML, Chung J. Effect of unplanned extubation
on outcome of mechanical ventilation. Am J Respir Crit Care Med
2000;161(6):1912-1916. DOI: 10.1164/ajrccm.161.6.9908068.
Jarachovic M, Mason M, Kerber K, McNett M. The role of standardized
protocols in unplanned extubations in a medical intensive care unit.
Am J Crit Care 2011;20(4):304-311;quiz 312. DOI: 10.4037/ajcc2011334.
Tanios MA, Epstein SK, Livelo J, Teres D. Can we identify patients at
high risk for unplanned extubation? A large-scale multidisciplinary
survey. Respir Care 2010;55(5):561-568. PMID: 20420726.

Curry K, Cobb S, Kutash M, Diggs C. Characteristics associated with
unplanned extubations in a surgical intensive care unit. Am J Crit
Care 2008;17(1):45-51; quiz 52. PMID: 18158389.

Minda Z, Samuel H, Aweke S, Mekete G, Seid A, Eshetie D. Magnitude
and associated factors of unplanned extubation in intensive care
unit: A multi-center prospective observational study. Ann Med Surg
(Lond) 2022;79:103936. DOI: 10.1016/j.amsu.2022.103936.

Atkins PM, Mion LC, Mendelson W, Palmer RM, Slomka J, Franko
T. Characteristics and outcomes of patients who self-extubate
from ventilatory support: A case-control study. Chest 1997;112(5):
1317-1323. DOI: 10.1378/chest.112.5.1317.

Chen CM, ChanKS, Fong Y, Hsing SC, Cheng AC, Sung MY, et al. Ageiis
animportant predictor of failed unplanned extubation. International
Journal of Gerontology 2010;4(3):120-129. DOI: 10.1016/51873-
9598(10)70035-1.

Jiang JS, Kao SJ, Lin CM, Yeh YW. Respiratory management after
self-extubation. J Formos Med Assoc 2000;99(9):689-692. PMID:
11000731.

Listello D, Sessler CN. Unplanned extubation. Clinical predictors
for reintubation. Chest 1994;105(5):1496-1503. DOI: 10.1378/
chest.105.5.1496.

ChevronV, Ménard JF, Richard JC, Girault C, Leroy J, Bonmarchand G.
Unplanned extubation: risk factors of development and predictive
criteria for reintubation. Crit Care Med 1998;26(6):1049-1053. DOI:
10.1097/00003246-199806000-00026.

Kuriyama A, Jackson JL, Kamei J. Performance of the cuff leak test
in adults in predicting post-extubation airway complications:
A systematic review and meta-analysis. Crit Care 2020;24(1):640. DOI:
10.1186/513054-020-03358-8.

Kallet RH, Matsushima A, Yoo S, Lipnick MS. Utilization of a risk
stratification tool and volume-based cuff leak test to assess
postextubation stridor. Respir Care 2023;68(3):309-319.DOI: 10.4187/
respcare.10285.

Schnell D, Planquette B, Berger A, Merceron S, Mayaux J, Strasbach
L, 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. DOI: 10.1177/0885066617700095.

Girard TD, Alhazzani W, Kress JP, Ouellette DR, Schmidt GA, Truwit JD,
etal. 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. DOI: 10.1164/rccm.201610-2075ST.

Darmon JY, Rauss A, Dreyfuss D, Bleichner G, Elkharrat D, Schlemmer
B, et al. Evaluation of risk factors for laryngeal edema after tracheal
extubation in adults and its prevention by dexamethasone. A
placebo-controlled, double-blind, multicenter study. Anesthesiology
1992;77(2):245-251. DOI: 10.1097/00000542-199208000-00004.
Kriner EJ, Shafazand S, Colice GL. The endotracheal tube cuff-
leak test as a predictor for postextubation stridor. Respir Care
2005;50(12):1632-1638. PMID: 16318644.

Francois B, Bellissant E, Gissot V, Desachy A, Normand S, Boulain T,
et al. A 12-h pretreatment with methylprednisolone versus placebo
for prevention of postextubation laryngeal oedema: A randomised
double-blind trial. Lancet 2007;369(9567):1083-1089. DOI: 10.1016/
S0140-6736(07)60526-1.

Indian Journal of Critical Care Medicine, Volume 28 Issue Suppl 2 (August 2024)

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Kuriyama A, Umakoshi N, Sun R. Prophylactic corticosteroids for
prevention of postextubation stridor and reintubation in adults: A
systematic review and meta-analysis. Chest 2017;151(5):1002-1010.
DOI: 10.1016/j.chest.2017.02.017.

Khemani RG, Randolph A, Markovitz B. Corticosteroids for
the prevention and treatment of post-extubation stridor in
neonates, children and adults. Cochrane Database Syst Rev
2009;2009(3):CD001000. DOI: 10.1002/14651858.CD001000.pub3.
Fan E, Zakhary B, Amaral A, McCannon J, Girard TD, Morris PE,
et al. Liberation from mechanical ventilation in critically ill adults.
An Official ATS/ACCP clinical practice guideline. Ann Am Thorac Soc
2017;14(3):441-443. DOI: 10.1513/AnnalsATS.201612-993CME.
Abbasi S, Moradi S, Talakoub R, Kashefi P, Koushki AM. Effect of
nebulized budesonide in preventing postextubation complications
in critically patients: A prospective, randomized, double-blind,
placebo-controlled study. Adv Biomed Res 2014;3:182. DOI:
10.4103/2277-9175.139543.

Esteban A, Frutos-Vivar F, Ferguson ND, Arabi Y, Apezteguia C,
Gonzalez M, et al. Noninvasive positive-pressure ventilation for
respiratory failure after extubation. N Engl J Med 2004;350(24):
2452-2460. DOI: 10.1056/NEJMo0a032736.

Wigmore T, Stachowski E. A review of the use of heliox in the critically
ill. Crit Care Resusc 2006;8(1):64-72. PMID: 16536724.

Mohr AM, Rutherford EJ, Cairns BA, Boysen PG. The role of dead
space ventilation in predicting outcome of successful weaning from
mechanical ventilation. J Trauma 2001;51(5):843-848. DOI: 10.1097/
00005373-200111000-00004.

Lim CK, Ruan SY, Lin FC, Wu CL, Chang HT, Jerng JS, et al. Effect
of tracheostomy on weaning parameters in difficult-to-wean
mechanically ventilated patients: A prospective observational
study. PLoS One 2015;10(9):e0138294. DOI: 10.1371/journal.
pone.0138294.

Chopra P, Sodhi K, Shrivastava A, Tandon S, Joia RK. Impact of
early versus late tracheostomy on patient outcomes in a tertiary
care multispeciality ICU. J Anaesthesiol Clin Pharmacol 2021;37(3):
458-463.DOI: 10.4103/joacp.JOACP_229_18.

Gupta S, Dixit S, Choudhry D, Govil D, Mishra RC, Samavedam S,
et al. Tracheostomy in adult intensive care unit: An ISCCM
expert panel practice recommendations. Indian J Crit Care Med
2020;24(Suppl 1):531-542.DOI: 10.5005/jp-journals-10071-G23184.
Frutos-Vivar F, Esteban A, Apezteguia C, Anzueto A, Nightingale
P, Gonzélez M, et al. Outcome of mechanically ventilated patients
who require a tracheostomy. Crit Care Med 2005;33(2):290-298.DOI:
10.1097/01.ccm.0000150026.85210.13.

Burns KE, Meade MO, Premji A, Adhikari NKJ. Noninvasive
ventilation as a weaning strategy for mechanical ventilation in
adults with respiratory failure: A Cochrane systematic review. CMAJ
2014;186(3):E112-E22. DOI: 10.1503/cmaj.130974.

Papazian L, Corley A, Hess D, Fraser JF, Frat JP, Guitton C, et al. Use of
high-flow nasal cannula oxygenation in ICU adults: a narrative review.
Intensive Care Med 2016;42(9):1336-1349. DOI: 10.1007/s00134-016-
4277-8.

Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli
F, et al. Nasal high-flow versus Venturi mask oxygen therapy after
extubation. Effects on oxygenation, comfort, and clinical outcome.
Am J Respir Crit Care Med 2014;190(3):282-288. DOI: 10.1164/
rccm.201402-03640C.

Hernandez G, Vaquero C, Gonzalez P, Subira C, Frutos-Vivar F,
Rialp G, et al. Effect of post extubation high-flow nasal cannula vs
conventional oxygen therapy on reintubation in low-risk patients:
A Randomized clinical trial. JAMA 2016;315(13):1354-1361. DOI:
10.1001/jama.2016.2711.

Hernandez G, Vaquero C, Colinas L, Cuena R, Gonzalez P, Canabal
A, et al. Effect of postextubation high-flow nasal cannula vs
noninvasive ventilation on reintubation and postextubation
respiratory failure in high-risk patients: A randomized clinical trial.
JAMA 2016;316(15):1565-1574. DOI: 10.1001/jama.2016.14194.

S247



ISCCM Committee on Weaning from Mechanical Ventilator

98.

99.

100.

101.

102.

103.

S$248

Yoo JW, Synn A, Huh JW, Hong SB, Koh Y, Lim CM. Clinical efficacy
of high-flow nasal cannula compared to non-invasive ventilation in
patients with post-extubation respiratory failure. Korean J Intern
Med 2016;31(1):82-88. DOI: 10.3904/kjim.2016.31.1.82.

BornitzF, EwertR, Knaak C, Magnet FS, Windisch W, Herth F. Weaning
from invasive ventilation in specialist centers following primary
weaning failure. Dtsch Arztebl Int 2020;117(12):205-210. DOI: 10.3238/
arztebl.2020.0205.

Mifsud Bonnici D, Sanctuary T, Warren A, Murphy PB, Steier J, Marino
P, et al. Prospective observational cohort study of patients with
weaning failure admitted to a specialist weaning, rehabilitation and
home mechanical ventilation centre. BMJ Open 2016;6(3):e010025.
DOI: 10.1136/bmjopen-2015-010025.

Tonnelier JM, Prat G, Le Gal G, Gut-Gobert C, Renault A, Boles JM,
et al. Impact of a nurses’ protocol-directed weaning procedure on
outcomes in patients undergoing mechanical ventilation for longer
than 48 hours: A prospective cohort study with a matched historical
control group. Crit Care 2005;9(2):R83-R89. DOI: 10.1186/cc3030.
Hirzallah FM, Alkaissi A, do Céu Barbieri-Figueiredo M. A systematic
review of nurse-led weaning protocol for mechanically ventilated adult
patients. Nurs Crit Care 2019;24(2):89-96. DOI: 10.1111/nicc.12404.
Blackwood B, Alderdice F, Burns K, Cardwell C, Lavery G, O’Halloran
P. Use of weaning protocols for reducing duration of mechanical

104.

105.

106.

107.

108.

ventilation in critically ill adult patients: Cochrane systematic review
and meta-analysis. BMJ 2011;342:c7237. DOI: 10.1136/bmj.c7237.
Teixeira C, Maccari JG, Vieira SR, Oliveira RP, Savi A, Machado AS,
et al. Impact of a mechanical ventilation weaning protocol on the
extubation failure rate in difficult-to-wean patients. J Bras Pneumol
2012;38(3):364-371. DOI: 10.1590/51806-37132012000300012.
Piotto RF, Maia LN, Machado MN, Orrico SP. Effects of the use of
mechanical ventilation weaning protocol in the Coronary Care Unit:
randomized study. Rev Bras Cir Cardiovasc 2011;26(2):213-221. DOI:
10.1590/50102-76382011000200011.

Chang YJ, Hung KC, Wang LK, Yu CH, Chen CK, Tay HT, et al. A real-
time artificial intelligence-assisted system to predict weaning from
ventilatorimmediately after lung resection surgery. IntJ Environ Res
Public Health 2021;18(5):2713. DOI: 10.3390/ijerph18052713.
ParkJE,KimTY, Jung YJ,Han C, Park CM, Park JH, et al. Biosignal-based
digital biomarkers for prediction of ventilator weaning success.
Int J Environ Res Public Health 2021;18(17):9229. DOI: 10.3390/
ijerph18179229.

Bien MY, Hseu SS, Yien HW, Kuo BI, Lin YT, Wang JH, et al. Breathing
pattern variability: A weaning predictor in postoperative patients
recovering from systemic inflammatory response syndrome.
Intensive Care Med 2004;30(2):241-247. DOI: 10.1007/s00134-003-
2073-8.

Indian Journal of Critical Care Medicine, Volume 28 Issue Suppl 2 (August 2024)



	_Hlk125672291

