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Weaning from mechanical ventilator
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Definition

• The process of freeing the patient from the ventilator has been referred to as 
weaning, liberation, or discontinuation.

• Weaning: The process of gradual or progressive withdrawal of ventilator 
support.

• One of the most important question an intensive care unit physician can ask 
each day at the bedside is

“ Can this patient breathe spontaneously today? ”
➢ beginning with the day of intubation
➢ inciting factors improve
➢ be evaluated at least daily

Egan’s fundamentals of respiratory care 12thedition
A Practical Guide to Mechanical Ventilation, 1st Edition.



Definition

• Classification
✓ Simple weaning

• Successful extubation after 1 attempt
✓ Difficult weaning

• Requiring up to 3 SBT attempts within 7 days of first attempt
✓ Prolonged weaning

• Failure of >3 SBT attempts or >7days of weaning after first SBT

Weaning from mechanical ventilation ERJ 2007;29:1033



Definition

Epidemiology of Weaning Outcome according to a New Definition. The WIND Study 
Am J Respir Crit Care Med Vol 195, Iss6, pp 772–783, Mar 15, 2017

Multinational study ,
n= 2709

24% 57% 10% 9%



Definition

Epidemiology of Weaning Outcome according to a New Definition. The WIND Study 
Am J Respir Crit Care Med Vol 195, Iss6, pp 772–783, Mar 15, 2017



Burden and outcome

A longitudinal study of ventilator-dependent patients in Taiwan,
Journal of the Formosan Medical Association, 2026



Burden and outcome

A longitudinal study of ventilator-dependent patients in Taiwan,
Journal of the Formosan Medical Association, 2026



Readiness testing 



Readiness testing 

A Practical Guide to Mechanical Ventilation, 1st Edition.



Readiness testing 

Personalized Mechanical Ventilation: Improving Quality of Care 2022

➢Weaning Parameters

• The oxygenation status 

✓ PaO2, P/F ratio, PaO2/PAO2 ratio, A-a DO2 gradient

• The performance of the respiratory muscles

✓ respiratory rate, tidal volume, levels of PaCO2, minute ventilation, Pimax, forced 
vital capacity, maximum voluntary ventilation, ultrasonographic evaluation of the 
diaphragm

• The work of breathing

✓ dynamic and static compliance

• The central respiratory drive

✓ P0.1, mean inspiratory flow



Weaning predictors

A Practical Guide to Mechanical Ventilation, 1st Edition.



Weaning predictors

Personalized Mechanical Ventilation: Improving Quality of Care 2022

• Rapid Shallow Breathing Index (RSBI) Test

✓ In 1991, Yang and Tobin

✓ The ratio of respiratory rate (RR) to tidal volume (VT) 

✓ a value <105 breaths/min/L was linked to a successful liberation

✓ moderate sensitivity and poor specificity

• The conditions that can affect the results of the RSBI 

✓ sepsis, fever, supine position, anxiety, restrictive lung disease, female gender, 
diameter of the endotracheal tube and suctioning

CHEST 2022; 161(1):97-111 



Weaning predictors

• The pressure that can be generated against an occluded airway during a 1 second 
maximal inspiratory effort, initiated near RV, is a measure of global inspiratory muscle 
strength. (by keeping the valve occluded for up to 20 – 25 seconds)

• negative inspiratory force ( NIF )

• maximal inspiratory pressure ( MIP )

➢ depends upon coordination, chest wall compliance, lung volume, respiratory drive, 
patient effort/ cooperation and investigator technique 

✓ A successful weaning outcome was likely if MIP values < −30 cmH2O and a weaning 
failure was likely if MIP < −20 cmH2O

A Practical Guide to Mechanical Ventilation, 1st Edition.
Predictive factors of weaning from mechanical ventilation and extubation outcome: A systematic review Journal of Critical Care 48 (2018) 56–62



Physiological barriers

A Practical Guide to Mechanical Ventilation, 1st Edition.



Physiological barriers

A Practical Guide to Mechanical Ventilation, 1st Edition.



Physiological barriers

A Practical Guide to Mechanical Ventilation, 1st Edition.



Physiological barriers

A Practical Guide to Mechanical Ventilation, 1st Edition.



Physiological barriers

A Practical Guide to Mechanical Ventilation, 1st Edition.



Weaning strategies

A Practical Guide to Mechanical Ventilation, 1st Edition.



Weaning strategies



Weaning strategies

PC-SIMVVC-SIMV

雖然機器設定的時間
到了，若病患自己正
在吐氣，
機器不會硬打氣進去

機器跟著病患的呼吸打氣
(assist)

在mandatory breath
之間病人可以自己呼
吸

可以combine PSV
以SIMV set rate作為基本 (backup 
rate)



Weaning strategies

✓ SIMV slows the process of liberation
• Progressive withdrawal建議用T piece/PSV而非IMV，
若要用IMV要加PSV一起使用

A Practical Guide to Mechanical Ventilation, 1st Edition.



Weaning strategies

*N=130 (respiratory distress during a two-hour trial of spontaneous breathing)

✓ Daily screening by 醫師＋RT＋護理
→ 做 SBT（2小時）成功→ 通知醫師extubate



Weaning strategies

✓ T piece V.S. PS 7
➢ 63% V.S. 70% (p=0.14)

AM J RESPIR CRIT CARE MED 1997;156:459–465.



Weaning strategies

CHEST 2017; 151(1):160-165 



Weaning strategies

JAMA. 2019;321(22):2175-2182 

✓ 30 minutes of PSV (PS 8 cmH2O) V.S. 2 hours of T-piece ventilation



Weaning strategies

N Engl J Med 2022;387:1843-54.

• A multicenter, open-label trial, high risk of extubation failure patients.
• SBT performed with PSV(8 cmH2O) did not result in significantly more 

ventilator-free days at day 28 than SBT performed with a T-piece.



Concerns of extubation

A Practical Guide to Mechanical Ventilation, 1st Edition.



Concerns of extubation

A Practical Guide to Mechanical Ventilation, 1st Edition.

✓ Glottic narrowing:
• inflammation, granuloma formation, ulceration, or edema.

✓ Subglottic stenosis risk：
• Balloon hyperinflation
• 過長的插管時間
• 太大的氣管內管
• 氣管內管過度挪動
• Trachea 感染
• 女性



Concerns of extubation

Am J Respir Crit Care Med. 2017

• Post-extubation stridor 

✓ Incidence: 6-37%

✓ A cuff leak test is suggested for high risk patients
➢ Cuff leak volumes ≥110 mL or >24% of the delivered tidal volume is considered a normal cuff 

leak test.

✓ For adults who have failed a cuff leak test but are otherwise ready for extubation, we 
suggest administering systemic steroids for ≥4 hours before extubation.



Concerns of extubation

Extubation management in the adult intensive care unit (uptodate)

• Risk factors of post-extubation stridor

✓ Prolonged intubation 

(variably defined as ≥36 hours to ≥6 days)

✓ Age > 80 years

✓ Female gender

✓ A large ETT

(>8 mm in men, >7 mm in women)

✓ A ratio of ETT to laryngeal diameter greater than 45% on CT

✓ A small ratio of patient height (mm) to ETT diameter (mm)

✓ Excessive tube mobility due to insufficient fixation

✓ An elevated APACHE II score

✓ A GCS score <8

✓ Traumatic intubation

✓ A history of asthma

✓ Insufficient or lack of sedation

✓ Aspiration



Post extubation care

• For patients at high risk for extubation failure who have been receiving mechanical 
ventilation for more than 24 h, and who have passed an SBT, we recommend 
extubation to preventative NIV (Strong Recommendation, Moderate Grade of Evidence).

• High risk for failure of extubation :hypercapnia, COPD, CHF, or other serious comorbidities. 

CHEST 2017; 151(1):160-165 



Post extubation care

• Post extubation, High Flow Nasal Cannula vs NIV for 24 hrs

✓ High Risk Patients (HFNC vs. NIV), N = 604

✓ Reintubation within 72 hours : 22.8% vs. 19.1%

✓ Postextubation respiratory failure within 72 hours : 26.9% vs 39.8%

JAMA 2016;316;(15):1565-1574.



Post extubation care



Take home massage

• SBT should be initiated with the day of intubation and be evaluated at least daily.

• Physiological barriers

• Physiological barriers should be managed, and assess weaning parameters before 
extubation.

• Identify the risk of post-extubation stridor and reintubation/post-extubation respiratory 
failure, and apply systemic steroids and preventive NIV respectively.
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