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OUTLINE

• Assess if the patient is ready for extubation

• Understand different spontaneous breathing trials methods

• Approaching a difficult-to-wean patient

• Post extubation support (e.g. NIV and HFNC)

• When to trach



INTRODUCTION

• 30% of MV patients will experience weaning problems

• Weaning may occupy up to 40-50% of total duration of mechanical ventilation

• 1-5% of all MV patients may fail all attempts and become ventilator dependent

• Mortality increases with the duration of mechanical ventilation

• VAP,  airway trauma



WEANING FAILURE

Simple weaning Difficult weaning Prolonged weaning

Patients who proceed 

from initiation of weaning 

to successful extubation 

on the first attempt 

without difficulty

Patients who fail initial 

weaning and require up 

to 3 SBTs or as long 

as 7 days from the first 

SBT to achieve successful 

weaning

Patients who fail at 

least 3 weaning 

attempts or require >7 

days of weaning after 

the first SBT

~69% of patients ~15% of patients ~15% of patients

ICU mortality ~5% ICU mortality ~25% ICU mortality 25%

• In prolonged wean: progressive reduction of ventilator assistance 

• Diminishing PS with an increasing duration off PS mode 

• Ventilator dependent: after 3 months of weaning attempts made

• Unless evidence of irreversible disease such as high spinal cord injury,  ALS



BEGIN WITH THE END IN MIND

• Ventilator liberation protocol

• Shorten duration of mechanical ventilation 

• No increase in rate of re-intubation

• Daily interruption of sedation: daily SAT followed by SBT (ABC, Lancet 2008)

• More ventilator free days, less time in coma, less time in ICU/ hospital

• Improved 1-year survival

• Decreased tracheostomy rates

• Higher rate of self-extubation but overall rate of re-intubation is the same

• Conservative fluid mx in ARDS (FACTT study)

• Prevent VAP (ventilator associated pneumonia)

• Early PTOT



ALWAYS TRY, PATIENT MAY SURPRISE YOU

• Daily checks for SBT will identify patients not clinically considered ready for 

weaning

• Many patients passed the 2 hour SBT and were successfully extubated despite 

not being considered ready by clinicians (Brochard AJRCCM 1994, Esteban NEJM 1995)

Predicting  ≠  checking 



3 STEPS

1. Assess readiness to wean

2. Spontaneous breathing trial

3. Ability to protect the airway

N Engl J Med 2012;367:2233-2239
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2.
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STEP ONE: READINESS TO WEAN

• Resolution of initial reason for intubation

• Adequate oxygenation: PaO2 ≥ 60mmHg or SpO2 ≥90% on FiO2 ≤ 0.4, PEEP ≤ 8 
cmH2O, PF ratio ≥ 150

• Adequate ventilation

• Absence of major organ failure

• Hemodynamic instability

• Minimal or no need for vasopressors (Noradrenaline < 0.1mcg/kg/min)

• Able to initiate spontaneous breaths

• Stable neurological status: arousable, minimal sedation

• Ability to protect the airway: good cough and gag reflex, ≤ moderate amount of 
secretions with suctioning frequency < 2 hours

• Acid-base status: pH >7.25



WEANING PREDICTORS

• Rapid Shallow Breathing Index 
(RSBI)

• CROP index (Compliance, RR, arterial 
Oxygenation, Pimax)

• Pimax absolute number >30cmH2O 
successful weaning

• Minute ventilation

• Work of breathing

• P0.1 and airway occlusion 
pressure

• Gastric mucosal acidosis

• Oxygen cost of breathing

• Hypercapnia during SBT

• BNP

• Lung ultrasound



RSBI

• Rapid shallow breathing index = RR/ VT (L) 

• Most studied, but has not been shown to improve clinical outcomes 

• Duration of mechanical ventilation, ICU LOS, re-intubation rate similar, but one-day 

longer to extubate (Tanios, CCM 2006)

• RSBI >105: weaning failure

• RSBI <105 (positive): higher probability of successful extubation

• Small increase of weaning success for positive RSBI, but large increase in 

weaning failure in patients with a negative RSBI (Yang and Tobin, NEJM 2001, Chest 2001 

Systematic Review)



P0.1 AND AIRWAY OCCLUSION PRESSURE

• P0.1 is the pressure developed in the occluded airway 
100ms after the onset of inspiration

• Marker of respiratory drive

• Unexpected occlusion: no reaction to mechanical load

• Begins from EELV ∴ any drop in airway pressure is independent 
of the recoil pressure of the lung/ thorax 

• Flow is interrupted, independent of resistance

• Range of values

• Normal: 0.5-1.5 cmH2O

• COPD: 2.5-5 cmH2O

• High P0.1 associated with failure 

• Generally >4-6 cmH2O

• Significant overlap occurred between groups (no clear 
threshold)

Intensive Care Med. 2018 Sep;44(9):1532-1535

Intensive Care Med. 2004 Feb;30(2):234-240.



STEP TWO: 
SPONTANEOUS BREATHING TRIALS

• Trial to demonstrate that an invasively ventilated patient can breathe 

on minimal or no support

PS

T-piece

CPAP

ATC

30min 120min

• No added benefit in 

waiting longer

• Detrimental effects of 

respiratory muscle 

overload often occur early 

in the SBT



T-PIECE

• T-shaped device 

• Connects oxygen source to artificial 

airway (ETT or tracheostomy)

• Flow rate 8-10L/min (FiO2 60-100%)

• Does not provide ventilation

https://pulmcast.com/mind-palace/2019/5/16/getting-patients-off-the-vent



• ATS/ ACCP 2017 guidelines: low level PS (5-8 cmH2O) instead of T-

piece or CPAP in patients ventilated >24h

• Cochrane 2014 Review: low quality evidence, PS superior to T-piece for 

successful SBT among patients with simple weaning

Method of SBT Settings Advantages/ Disadvantages

Low level PS PS 5-8 cmH2O 

+/- PEEP <5 cmH2O

FiO2 <0.4 for 30min

 Patient effort lower than T-piece, reduces 

by 30-40%

⛌ Possibly underestimates WOB (upper 

airway resistance) and extubation failure risk

T-piece Disconnect from ventilator

Oxygen via T-piece for 30min

 Accurately replicated WOB after 

extubation

⛌ Higher false failure rate resulting in delayed 

extubation. More cardiac stress in heart failure 

patients

CPAP CPAP 5 cmH2O for 30min  Patient effort lower, reduces by 30-40%. 

Augment cardiac output in patients with LV 

failure

⛌ Not able to set PEEP differently

ATC Selected on ventilator, ETT size input  Provides a pressure that compensates for 

ETT resistance. As effective as PSV, useful in 

narrow ETTs



FAILURE OF SBT

• RR > 35/min

• Saturation < 90%

• HR > 140/min or development of arrhythmias

• Sustained increase n HR > 20%

• Hypertension > 180mmHg or < 90mmHg

• Anxiety / diaphoresis

• Respiratory distress 

• Altered mental state 



OTHER PARAMETERS DURING SBT

• Reduced breathing variability

• Loss of lung aeration on lung ultrasound

• Diaphragm ultrasound

• BNP

• Hypercapnia

• Airway resistance 

• Decrease in mixed venous saturation



DOES A FAILED SBT PREDICT NEED FOR 
CONTINUED VENTILATORY SUPPORT?

• No studies have tried extubating patients with failed SBT

• Iatrogenic factors

• ETT discomfort

• Dysynchrony

• Delirium

• In patients who self-extubate before meeting weaning criteria, only 40-60% 

require re-intubation



FAILURE OF SBT

Low VC and MIP Muscle weakness

Low RSBI, low P0.1 Insufficient drive

High RSBI or low minute ventilation Excessive WOB for patient’s capabilities

High minute ventilation, normal PCO2 Excessive CO2 production

High dead space



STEP THREE:
ABILITY TO PROTECT THE AIRWAY



CUFF LEAK TEST

Am J Respir Crit Care Med. 2017 Jan 1;195(1):120-133.

• Risk of post extubation upper 

airway obstruction increases with 

duration of mechanical ventilation, 

female gender, traumatic intubation 

or repeated intubations

• Should only be performed in 

patients at risk of laryngeal edema

• Steroids reduce re-intubation and 

post-extubation stridor in high risk 

patients (as identified by the leak 

test)



• Absence of a cuff leak increases likelihood of re-intubation (LR +4) 

• Presence of a cuff leak reduces likelihood of re-intubation (LR -0.5)

• Ideal extubation failure  rate ~15%

• Thus, in patients with low pre-test probability of re-intubation, even if no cuff leak, the risk of re-

intubation is still acceptable

Therefore, cuff leak test should only be performed in high risk 

patients with at least a 10% pre-test probability of re-intubation

https://emcrit.org/pulmcrit/cuff-leak/



HOW TO PERFORM A CUFF-LEAK TEST?

• Positive leak means the airway is patent

• ACVC

• Cuff is deflated for 4-6 consecutive breaths

• Listen for audible leak

• >110ml or 10% difference between the inspiratory tidal volume (before deflation) and the 
expiratory tidal volume (after cuff deflation)

• >110ml: NPV 98% for post-extubation stridor (Millar and Cole, et al)

• Spontaneously breathing patients

• Cuff deflated and monitored for the first 30 seconds looking for gurgling

• Tube is then obstructed with the finger while the patient continues to breathe around the 
tube



CORTICOSTEROIDS  

• Prophylactic CS before elective extubation: 57% reduction in incidence of post extubation airway 
events and reintubation (Chest 2017, systematic review)

• Subgroup analysis showed beneficial effects only in subgroup at high risk 

• Defined by absence of leak when cuff leak test is performed

• In high risk patients

• NNT to prevent one episode of post extubation airway events:  5

• NNT to prevent reintubation: 16

• Routine administration of steroids not recommended

• Should only be given to high risk patients

• Side effects rare: hyperglycemia, GI bleeding, infections

Chest. 2017 May;151(5):1002-1010





HOW TO GIVE STEROIDS?

• Common steroid regimens based on prior studies

1. Single dose IV Methylpred 40mg 4 hours prior to 

extubation

2. IV Methylpred 20mg 4H over 12H for 4 doses, last dose 

just before extubation

3. IV Dexa 4mg 6H for 24H 

• No evidence to support one over the other

• Guidelines recommend extubating 4-6h after steroids 

based on pharmacokinetics

Crit Care. 2007;11(4):R72.



DO WE REPEAT THE CUFF LEAK TEST 
AFTER GIVING STEROIDS?

• No need to repeat the cuff leak test

• Cuff leak test only validated as an upfront test, prior to use of steroids 

• Performance of the test is lower after giving steroids

• False absences of leak may still exist: adherent secretions around the tube, ETT that is large 
compared to the size of the glottis

• Patients treated with steroids who lack a cuff leak can stil be extubated safely (Cheng 

2006, Cheng 2011, Crit Care Med)

• Prepare for the worst, standby adjuncts if difficult airway was encountered initially

• Even if post-extubation stridor is present, published re-intubation rates average 
50%



LAST WORDS ABOUT CUFF LEAK

• Absent cuff leak: increased incidence of post-extubation stridor and unsuccessful 
extubation

• Cuff leak test: decreases reintubation rate and post-extubation stridor rate

• Delays extubation 24-48h with no effect on duration of IMV

• Extubation can still be successful in patients without a positive leak 

• Low pre-test probability of re-intubation

• Corticosteroids reduce rate of re-intubation and post-extubation stridor

• Administered at least 4 hours before extubation in high risk populations

• High risk = identified by the leak test



LAST CONSIDERATIONS BEFORE EXTUBATING

• Positive fluid balance the day before is unfavourable (Frutos-Vivar, Chest 2006) 

• Consider the ability to clear secretions

• Gag and cough reflex, frequency of suctioning

• Mental status

• Especially if there are plans to extubate to HFNC and NIV – patient cooperation is key 

• Upper airway structural abnormalities

• Intubation difficulty



WEANING FAILURE

• Success = absence of vent support during the first 48 hours after planned 

extubation

• Extubation failure = reintubation and reinstitution of ventilatory assistance 

within 48h of extubation (~15%)

• Increased risk of death, prolonged hospital stay, decreased likelihood of returning 

home 

• Weaning failure = (1) failed SBT (2) reintubation or resumption of ventilatory 

support within 48h following extubation



GENERAL APPROACH

• Once-daily SBT

• Extubation 3x more quickly than intermittent 
mandatory ventilation and 2x more quickly than 
PSV weaning (Esteban, NEJM 1995)

• PSV as weaning mode after failed SBT

• PSV had lower number of weaning failure compared 
to SIMV, T-piece (Brochard, AJRCCM 1994)

• Newer weaning modes

• Proportionate assist ventilation

• Adaptive servo-ventilation

• Shorter time to extubation but mainly in cardiac 
surgery patients



DETERMINE THE CAUSE



FAILURE TO WEAN

• Respiratory

• Muscle power

• Decrease WOB/ respiratory demand

• Optimize drive: too much or too little?

• Increase oxygenation and carrying capacity

• Sputum clearance

• Brain

• CVS

• Metabolic/ electrolytes



ABCDE TO DIFFICULT TO WEAN PATIENTS

Crit Care. 2010;14(6):245.



ABCDEF BUNDLE

1. Better patient survival 

2. More days alive

3. More days free of delirium and coma

Crit Care Med. 2017 Feb;45(2):321-330



IF FIRST YOU FAIL… TRY AND TRY AGAIN

• Search for and correct causes for failure 

• Gradual reduction in ventilatory support

• If patient meets SBT criteria, SBT should be performed every 24 hours

• In between, deliver stable, non-fatiguing form of ventilator support

• Consider pressure targeted modes (PSV, PAV) for better synchrony

• Avoid VILI and p-SILI

• But need to balance over-supporting to avoid atrophy



NIV POST-EXTUBATION

• Post-extubation to prevent re-intubation

• High risk patients (varies between studies)

• COPD

• Heart failure

• Age >65

• Previous extubation failure

• Hypercapnia (PaCO2 >45mmHg before or after SBT)

• Obesity, OHS

• Rescue NIV used after resp distress within 48 hour, 
does not prevent reintubation

• May increase mortality 



HFNC POST-EXTUBATION

• Reduces re-intubation rates post-extubation in respiratory failure

• Compared to conventional O2

• Both high and low risk patients

• Non-inferior to NIV

• Alternating between NIV and HFNC may better than HFNC alone



WHEN TO TRACH?

• Controversial

• No benefit of early tracheostomy (4 vs 10 days, TracMAN JAMA 2013; 6-8 days vs 13-15 
days, JAMA 2010)

• In both studies, half of the patients in the late group never required tracheostomy

• Subsequent systematic review (Hosokawa, Critical Care Medicine 2015): early tracheostomy associated 
with larger number of ventilator free days, shorter duration of sedation and potentially 
reduced long-term mortality

• Individualize

• Global trajectory of the patient

• Underlying reason for which the patient was intubated 

• Risks of the procedure
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