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Epidemiology

Burns, JAMA 2021

• Worldwide, 19 countries

• Prospective observational

• 2000 pts

• Intubated ≥ 24h

• Followed for 28d

• Variation in weaning practices

Phan, WEAN SAFE, Lancet Resp Med 2023

• Worldwide, 50 countries

• Prospective observational

• 6000pts

• Intubated ≥ 48h

• Followed for 90d

• Variation in weaning practices



Weaning practices vary internationally

• Modes of ventilation before SBT

• Practice in screening for SBT (daily)

• Personnel involved in screening/conducting SBT

• Personnel involved in adjusting ventilator support

• Practices in conducting SBT: 

PS+PEEP 50%; T-piece 25%; CPAP 10%; PS without PEEP 10%    

Burns et al, JAMA 2021



Wean SAFE- Outcome over time

90d

Pham, Wean Safe 2023

65% weaned

5% transferred

30% died



SBT eligibility criteria

• FiO2<0,5

• PEEP<10cmH2O

• Vasopressor <0,2mcg/kg/min

• No paralytic agents

Pham, Wean Safe 2023



Delay to first separation attempt

Pham, Wean Safe 2023

Delay

3d @study entry 90d



Factors associated with delay

• Degree of Sedation (strongest factor) 

• Patient frailty

• Neuro

• Trauma



Wean safe, classification according to Béduneau, Wind study 2016

GROUP NO SA SHORT WEAN
65%

INTERMEDIATE WEAN
10%

PROLONGED WEAN
~10%

DEATH (OR TRANSFER)

FAILED WEAN
15%

10% mortality 18% mortality14% mortality

Intubated:
SBT or extubation

Tracheostomized:
CPAP≤5cmH2O/PS ≤7+ PEEP ≤5cmH2O/T-piece trial ~80% mortality



Factors associated with SBT failure

Burns, JAMA 2021

• Higher sedation score

• Unrelated to SBT technique

• More severe resp disease

• Lack of a protocol to adjust
ventilator settings

Wean Safe

• High sedation strongest & modifiable

• Long delay to first separation attempt

• Older age >65

• Medical admission

• Frailty

• Immunocompromised

• Neuro



Pham, Wean Safe 2023

Characteristics of pts who failed weaning



Spontaneous breathing trial

• Screening test 

• Can the patient breathe without ventilator?

• Reduce time on IMV

• Reduce reintubation (~ 20% in high risk pts, ~ 10% in low risk)

Haaksma 2021



Spontaneous breathing trial

Different practices:

•  Nr times/day

•  Duration: 30-120min

•  Inspiratory/expiratory pressure applied

  PS to overcome endotracheal tube resistance

  PEEP to compensate for inability to keep FRC while intubated

  T-piece disconnected from ventilator

Haaksma 2021



RCT SBT PS vs T-piece

2 large RCT, total 2000 pts:

• Subira´ in low risk pts

• Thille TiP-Ex study in high risk pts



RCT PS vs T-piece

• Spanish RCT, 1000pts

• Intub>24h

• Compared 2 strategies:

Less demanding SBT 30min in PS 8cmH2O PEEP 0 cmH2O

More demanding SBT in T-piece 120min

Subira´JAMA 2019 



Subira´JAMA 2019 

➢ PS higher success rate of extub: 82% vs 74%
➢ Lower hospital and 90d mortality: 10% vs 15% 
➢ Same reintubation rate of 11% in both groups

within 72h

Is it true in pts at high risk of extub failure?



SBT PSV or T-piece

• French multicenter RCT around 1000pts

• Pts @high risk of extub failure (>65y, chronic cardiac/resp disease)

• Compared 2 strategies:

PS 8cmH2O PEEP 0cmH2O

T-piece with max 6L/min O2

• Faster extub in PS group

• Same ventilator free days

• Same reintubation rate, <15% (~ 80% preventive NIV)

Thille, TiP-Ex study 2022



Conclusion of SBT technique

2 large RCT are in favour of PS

• Faster extubation without increased risk of reintubation even @high risk 

• Easier to perform

• Monitoring Vt and RR

• Less demanding



Conclusion of SBT technique

2 large RCT are in favour of PS

• Faster extubation without increased risk of reintubation even @high risk 

• Easier to perform

• Monitoring Vt and RR

• Less demanding

Brochard 1991



Reintubation associated with mortality

Thille 2013



How to prevent post extubation failure? NIV

ERS/ATS guidelines Rochwerg ERJ 2017



Thille JAMA 2019

18,2%

11,7%

How to prevent post extubation failure? HFNC +NIV 



Physiologic mechanisms underlying weaning failure

Adapted from Perren, 2013 

Quality of Sleep (Thille 2018
Dres 2019)



Weaning failure-Cardiac dysfunction

Adapted from Perren, 2013 

Quality of Sleep (Thille 2018
Dres 2019)



Cardiac failure during weaning

• Up to 2/3 of cases

• ↑ pre and afterload for the LV--> LV failure

• In cardiac ischemic ↑ MVO2--> AMI  

• Large negative force --> reduction in LV EF 





PLR test predicts weaning failure



Optimize fluid balance

h



Parameters of LV diastolic disfunction and elevated LV filling pressures
are associated with higher weaning failure

Echocardiografy to identify pts at risk



US assessment during weaning trial



Weaning failure-Respiratory system mechanics

Adapted from Perren, 2013 

Quality of Sleep (Thille 2018
Dres 2019)



Weaning failure-Respiratory drive and muscle weakness

Adapted from Perren, 2013 

Respiratory drive issues?
Respiratory muscle weakness?

Monitor
• P0,1
• Pocc
• PMI
• Edi
• Pes
• Diaphragm US paralysis, 

thickening fraction and 
excursion

Quality of Sleep (Thille 2018
Dres 2019)



Respiratory muscle weakness

Diaphragm dysfunction is twice as frequent as limb muscle weakness 
and is strongly associated with prolonged MV 

Dres 2017



Adapted from De Vries and Heunks 2022-2023

1) Titrate the respiratory muscle activity during ventilation
to avoid atrophy and load-induced injury

Estimate respiratory effort with Pocc

∆Pocc <7 cmH2O ∆Pocc 7-15 cmH2O ∆Pocc >15 cmH2O

Consider reducing
sedation/support

Under assistance:
Consider increasing
Inspiratory support

Within reasonable
diaphragm effort

What to do if there is resp muscle weakness? 



What to do if there is resp muscle weakness? 

2) Use proportional modes of ventilation

Yuan Crit Care 2021

Weaning success

Hospital mortality



What to do if there is resp muscle weakness?

3) Train the diaphragm

AJRCCM 2016

Increase of MIP, successful weaning rate 82% vs 74% (NS)
AJRCCM 2022

AJRCCM 2023



4) Abdominal muscles stimulation

What to do if there is resp muscle weakness?

Jonkman 2020



5) Inspiratory muscle training

• Sessions of training against
a resistance or an threshold
valve.

• ↑MIP and MEP

• 3d shorter MV

What to do if there is resp muscle weakness?

Bissett 2019 Vorona, Meta-analysis 2017



To sum up

Limit duration of invasive MV is a priority

• Use PS for SBT

• Reduce sedation if possible

• Prevent muscle weakness (method 1-5)

• Individualize the strategy to the patient with advanced monitoring and 
assessments



To sum up

Limit duration of invasive MV is a priority

• Use PS for SBT

• Reduce sedation if possible

• Prevent muscle weakness (method 1-5)

• Individualize the strategy to the patient with advanced monitoring and 
assessments

The large studies shows that there is no State-of-the-Art for the weaning 
process followed worldwide, but recommendations and best practices 
exist.


	Standardavsnitt
	Bild 1: Weaning från respirator   Finns det någon State of the Art?
	Bild 2: Content
	Bild 3: Epidemiology
	Bild 4: Weaning practices vary internationally
	Bild 5: Wean SAFE- Outcome over time
	Bild 6: SBT eligibility criteria 
	Bild 7: Delay to first separation attempt
	Bild 8: Factors associated with delay
	Bild 9
	Bild 10: Factors associated with SBT failure
	Bild 11: Characteristics of pts who failed weaning
	Bild 12: Spontaneous breathing trial
	Bild 13: Spontaneous breathing trial
	Bild 14: RCT SBT PS vs T-piece
	Bild 15: RCT PS vs T-piece
	Bild 16
	Bild 17: SBT PSV or T-piece 
	Bild 18: Conclusion of SBT technique
	Bild 19: Conclusion of SBT technique
	Bild 20: Reintubation associated with mortality
	Bild 21: How to prevent post extubation failure? NIV
	Bild 22
	Bild 23: Physiologic mechanisms underlying weaning failure  
	Bild 24: Weaning failure-Cardiac dysfunction  
	Bild 25: Cardiac failure during weaning
	Bild 26
	Bild 27: PLR test predicts weaning failure
	Bild 28: Optimize fluid balance 
	Bild 29: Echocardiografy to identify pts at risk
	Bild 30: US assessment during weaning trial
	Bild 31: Weaning failure-Respiratory system mechanics 
	Bild 32: Weaning failure-Respiratory drive and muscle weakness 
	Bild 33: Respiratory muscle weakness
	Bild 34: What to do if there is resp muscle weakness?  
	Bild 35: What to do if there is resp muscle weakness?  
	Bild 36: What to do if there is resp muscle weakness?
	Bild 37
	Bild 38
	Bild 39: To sum up
	Bild 40: To sum up


