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2001 ACCP/AARC Guidelines

• 12 recommendations.
• Provide a framework for ventilator 

weaning. 
• Emphasize the importance of SBT.

2007 ERS/ESICM/ATS/SCCM Guidelines

• Offer a structured approach to weaning.
• Provide definitions & epidemiology 

about weaning.
• Pathophysiology of weaning failure.



Physiology of Weaning Failure & Checklist
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F Fluid overload → diurese if indicated

A Airway resistance → check endotracheal tube; is it obstructed or too small?

I Infection → treat as indicated

L Lying down causing V/Q mismatch → elevate head of bed

T Thyroid, toxicity of drugs → check TFTs, check med list

O Oxygen → increase FiO2 and/or the level of PEEP

W Wheezing → treat with bronchodilators

E Electrolytes, eating → correct K/Mg/PO4/Ca, provide adequate nutrition

A Anti-inflammatory needed? → consider steroids in asthma/COPD or for failed cuff

N
Neuromuscular disease, neuro status compromised → myasthenia gravis, ALS, 
steroid/paralytic neuropathy, etc.; assure that patient is neurologically stable

“Failure to wean” checklist 



ATS/ACCP 2017
Weaning Guidelines



ATS/ACCP 2017 Weaning Guidelines
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SBT採用 PSV 5-8 (vs T-piece)

使用Protocols 以減少Sedation

高風險拔管者 Preventive NIV

Rehabilitation protocol

建議使用 Weaning protocol

高風險PES者, 做 Cuff leak test
• Cuff leak沒過, 給 steroids



Overview of 
Weaning Outcome
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Weaning Outcomes (Wean Safe Study)
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Death
28%

PMV
7%

Weaning success
65%

MV
N = 5869

Pham. Lancet Respir Med. 2023

*Medical 69%

Day 90



Weaning Outcomes in Taiwan (NHI data)
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ICU RCC RCW

Mortality
50% /yr

100% 15% 5%

MV
100%

Death
25%

Off MV
60%

RCC
15%

Death
20%

RCW
30%

Off MV
50%



Define Prognosis by Weaning Process
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Beduneau.  Am J Respir Crit Care Med. 2017

Simple 
weaning

Difficult 
weaning

Prolonged 
weaning

No 
weaning

24% 57% 10% 9%

*86% *6% *17% *30% *ICU mortality

Multinational study, 
n = 2709 



Weaning Strategies
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Best Practice for Weaning Strategy

• Once-daily SBT for discontinuation assessment is 
recommended in weaning guidelines 

(MacIntyre. CHEST 2001,  Boles. Eur Respir J 2007)

• Extubation failure after SBT success: 10-20% 
(Thille. Am J Respir Crit Care Med. 2013)
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Landmark Study Comparing Weaning 
Strategies

13Esteban. N Engl J Med 1995

R

N = 546

Daily multiple SBT

Once-daily SBT 

PSV (↓ PS  twice daily)

IMV (Intermittent mandatory ventilation)

 AC mode
 P/F > 200
 No vasopressor



Comparison of Weaning Methods
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15Ely. N Engl J Med 1996

Intervention:
• Daily SBT
• 口頭+紙條 通知醫師



Performance of Weaning Parameters

16Conti. Intensive Care Med. 2004

All indexes are poor predictors of weaning outcome!



SBT-centered 
Weaning Strategy



SBT-centered Weaning Strategy

• Several techniques are used to conduct an SBT        
• With vs. without inspiratory pressure augmentation (Schmidt. Am J Respir Crit Care Med. 2017)

Readiness 

to SBT
Daily SBT

Decision to 

Extubate

Post-

extubation

care

Extubation
Criteria for 

initiating SBT

1 2 3 4
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SBT 30’-120’

2-min CPAP 5

Readiness to 
wean (SBT)

Robertson. Crit Care Med. 2008



Assessment of Readiness to SBT

MacIntyre. Chest 2001
Boles. Eur Respir J 2007

1
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Subjective criteria

• Resolution of disease acute phase
• Physician believes discontinuation 

possible

Objective criteria

• No vasopressor, HR < 140
• Adequate mentation
• Adequate oxygenation 

• P/F ratio ≥ 150 or FiO2 ≤ 0.4
• PEEP ≤ 8 cm H2O

• Adequate pulmonary function
• RR ≤ 35/min
• MIP ≤ -25
• VT > 5 mL/kg
• RSBI < 105

Assessment
of readiness 
to SBT

Subjective 
criteria

Objective 
criteria



SBT Techniques
Method?  Duration?  Failure criteria?
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SBT Techniques: Methods & Durations

Inspiratory Pressure Augmentation (-)

• T-piece

• T-piece with PEEP

• CPAP

Inspiratory Pressure Augmentation (+)

• PS 5-8 cm H2O

• Automatic tube compensation

SBT Duration

30’~ 120’
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Practice Variation in SBT Techniques

Burns. Ann Am Thorac Soc. 2018

PS with PEEP CPAP (no PS) T-piece 
T-piece with 

PEEP 
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Landmark Study Comparing T-piece & PS 7

24
Esteban. Am J Respir Crit Care Med 1997

R

N = 484
MV > 48h

T-piece  x 2h

PS-7  x 2h

63%

70%

Successful 
liberation

p = 0.14



Liberation Success % = 
(SBT success %) x (1 – Reintubation %)

25
Esteban. Am J Respir Crit Care Med 1997

MV > 48h
n = 484

PS-7
n = 238

T-piece
n = 246

Trial Success
n = 205 (86%)

Trial Failure
n = 33

Trial Success
n = 192 (78%)

Trial Failure
n = 54

Re-intubation
n = 38 (18.5%)

Re-intubation
n = 36 (18.8%)

63% 70%p = 0.14



PSV vs. T-piece, Meta-analysis

Burns. Crit Care. 2017

Outcome
No. of 

Studies
No. of 

Patients
Pooled Risk Ratio

SBT success 8 1381 1.06 [1.01-1.12]*

Re-intubation 7 1365 0.93 [0.72-1.20]

Liberation success 11 1904 1.06 [1.02-1.10]*
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ATS/CHEST recommendation. For acutely hospitalized 

patients ventilated more than 24 hours, we suggest that the initial 

SBT be conducted with inspiratory pressure augmentation (5-8 

cm H2O) rather than without (T-piece or continuous positive 

airway pressure) (Conditional recommendation).

Schmidt. Am J Respir Crit Care Med. 2017
27



PS-8 x 30’ vs. T-piece x 120’

28Subirà. JAMA. 2019
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No difference between 
PS-8 and T-piece



Decision to Extubate
(After SBT Success)
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Decision to Extubate: Airway Protection

• Neurological function 
• Glasgow Coma Scale

• Cough strength
• Peak expiratory flow rate
• Maximal expiratory pressure
• White card test

• Secretion volume
• Suctioning frequency

• Post-extubation airway edema
• Cuff leak test

Epstein. Intensive Care Med 2002
Thille. Am J Respir Crit Care Med. 2013 31



Post-extubation Stridor

• Incidence: 6-37%

• A cuff leak test is suggested for high risk patients

• Risk factors: 
• Traumatic intubation
• Intubation more than 6 days
• Large endotracheal tube
• Female sex
• Reintubation

• Systemic steroids at least 4 hours before extubation
• Conditional recommendation 

Girard. Am J Respir Crit Care Med. 2017 32



Post-extubation Care
At risk for extubation failure?

Preventive management?
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Post-extubation Respiratory Support 
Recommended in 2017 ATS/ACCP Guidelines

Extubation

High risk

Low risk

Reintubation risk >20%

Reintubation risk <15%

Preventive NIV

Conventional 
O2 therapy



In high-risk patients receiving MV for more than 24 hours, 
does extubation to preventive NIV compared with no NIV
have a favorable effect on outcomes?

• For patients at high risk for extubation failure, we 
recommend extubation to preventive NIV.

(Strong recommendation, moderate certainty)

• High risk for failure of extubation: 
 Older age (?)
 Hypercapnia during SBT
 COPD
 Congestive heart failure

There was heterogeneity 
in defining the high-risk 
patient.

Schmidt. Am J Respir Crit Care Med.  2017



Preventive NIV after Extubation for High-
risk Patients

Schmidt. Am J Respir Crit Care Med. 2017

Outcome
No. of 
RCTs

No. of 
Patients

Pooled Risk Ratio

Extubation success 5 525 1.14 [1.05-1.23]*

ICU mortality 4 485 0.37 [0.19-0.70]*
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Post-extubation High-Flow Nasal Cannula

• Low-Risk Patients (HFNC vs. COT)
• N = 527

• Reintubation:  4.9%  vs. 12.2% (p= 0.004)
(Hernández. JAMA. 2016)

• High-Risk Patients (HFNC vs. NIV)
• N = 604

• Reintubation:  22.8%  vs. 19.1% 
(Hernández. JAMA. 2016)
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PICO 6: 
Nonsurgical, low risk HFNC > COT  (Using HFNC)

PICO 7:  
Nonsurgical, high risk NIV > HFNC (Using NIV unless contraindicated 

to NIV) 

2022 ERS Guidelines for HFNC



Prolonged Mechanical 
Ventilation
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Prolonged Mechanical Ventilation

• Epidemiology
• PMV in Taiwan: 15%

• Difficult & prolonged weaning: 20%

• Associated with poor outcome (Risk factor studies)

• Limited EBM recommendations

• Permanently ventilator dependent: 3 months of weaning

• attempts have failed (2001 ACCP)
• Unless there is evidence for clearly irreversible disease

• Structured approach
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Take-home Message

• Use protocols for sedation and weaning.

• Use SBT-centered weaning strategy.

• Post-extubation respiratory support:

• Preventive NIV for high risk group
• High flow nasal cannula (Inconsistent recommendations)
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Thank You for Listening

阮聖元

syruan@ntu.edu.tw


