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Start of weaning period: switch to PSV?

Burns KEA et al., Am Journal of Respiratory Critical Care Medicine 2013; 187:1203-1211.

SmartCare vs. PSV (n=97)
- SpO2 > 90% with FiO2 ≤ 70%
- PEEP ≤ 12 cm H2O

70 % with sedation
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Why to perform a SBT?

To mimic the physiological condition after extubation: 
with a T-piece or with low levels of PSV (5-8 cm H2O) for 30 min to 2 hours

Is the patient able to breathe 
without the ventilator?

With the final objective of decreasing the risk of reintubation: 
the main patient-centered outcome after extubation



Extubation failure in ICUs

Thille AW et al., Current Opinion Crit Care 2013; 19:57-64. 

Usual reintubation rates 10-20% Mortality 30%



Limitations of the SBT

Difficulties in assessment of
the risk of obstruction, cough strength, secretions, swallowing disorders ? 

Is the patient able to breathe 
without the endotracheal tube?

Reintubation rates up to 30-40% in patients with weak cough 
regardless of the method to assess cough strength



When to perform a SBT?

1. Patient awake with a RASS between +1 and -2 (regardless of sedation) 

2. Cardiovascular stability: no need for vasopressors or minimal dosis (<0.3γ/kg/min)

5. Adequate cough: More to decide on extubation than to decide on a SBT?

3. Respiratory rate ≤ 35 breaths per minute

4. Adequate oxygenation defined as PaO2/FiO2 ³ 150 mm Hg with PEEP ≤ 8 cmH2O 

and FiO2 ≤ 0.4 

Criteria adapted from international consensus conference on weaning from mechanical ventilation, ERJ 2007; 29:1033-1056.
Used in Spontaneous-Breathing Trials with PSV or a T-Piece: Thille AW et al., New England Journal of Medicine 2022; 387:1843-1854.



Male
N=425

Female
N=216

505 ml
7.5 ml/kg

413 ml
8.1 ml/kgTidal volumes in ml or ml/kg?

48 ± 26 60 ± 26F/VT in ml-1

Usefulness of weaning predictors? 
F/VT - PI max. - PE max. - P0.1 – VC

Decreased 
risk of 

reintubation 
in females!



363 (19%) died before weaning

150 (8%) direct tracheostomy424 (23%) direct extubation 930 (50%) underwent SBT

Shorter duration of MV 
(2.9 days vs. 4.1) 

and lower ICU mortality 
than patients who 

underwent SBT Burns KEA et al., JAMA 2021; 325:1173-1184. 

1868 patients from 142 ICUs in 19 countries

Should we perform a SBT?



59 [46-71] 63 [49-73]Younger

39% 31%More postoperative

Direct 
extubation

Initial SBT



38% 45%Less ARF

25% 38%Less NIV failure
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Reasons for SBT failure? WIPO+++

24/46

10/21

17/39

Incidence 
48%!!



Diaphragm dysfunction

Dres M et al., Am J Respir Crit Care Med 2017; 195:57-66. 

Almost all patients with 
difficult or prolonged 
weaning had diaphragm 
dysfunction



Abnormal sleep

Thille AW et al., European Respiratory Journal 2018; 51:1702465.

45 patients with at least 1 SBT failure

Influence of brain dysfunction on ability to breathe spontaneously?



Which 
spontaneous 

breathing 
trial (SBT)?

Role of SBT

T-piece 
trial

PSV 
trial

PS 5-8 cm H2O 
with or without 

PEEP



Patient effort according to the SBT

Cabello B et al., Intensive Care Med 2010; 36:1171-79.

PSV 7 + PEEP 5 PSV 7 + PEEP 0Assist-control 
ventilation

T-piece



T-piece trial versus post-extubation

Strauss C et al., Am J Respir Crit Care Med 1998; 157:23-30.

Work of breathing does not 
decrease after extubation!!! 

Patient effort during 
T-Piece = Post-extubation  



Sklar MC et al., Am J Respir Crit Care Med 2017; 195:1477-1485.



Sklar MC et al., Am J Respir Crit Care Med 2017; 195:1477-1485.



Is PSV trial a risky test?

PSV trial is an easier test than T-piece trial that may 
underestimate the work of breathing needed after extubation 

PSV trial may hasten extubation
but may increase the risk of extubation failure



1153 patients in 18 centers

PSV 8 cm H20 – PEEP 0
for 30 min

T-Piece
for 2 hours

Subirà C et al., JAMA 2019; 321:2175-2182.

Inclusion criteria: 
All patients intubated more than 

24 hours in the ICU
A majority of patients at low risk 

of extubation failure



Is it true in patients at 
high risk of extubation 

failure ???

+90% weaning simple

Reintubation 11% in both groups

Subirà C et al., JAMA 2019; 321:2175-2182.



TiP-Ex study: 31 ICUs in France

Randomization 
before the 
initial SBT

T-piece 
trial

PSV 8 
PEEP 0 

trial

PSV may hasten extubation 
without increased risk of 

reintubation

1000 patients intubated >24h & at high risk of extubation failure
age ≥ 65y or underlying cardiac/respiratory disease

Primary outcome 
Number of ventilator-free 

days at day 28



Thille AW et al., New England Journal of Medicine 2022; 387:1843-1854.

27 (23-27)27 (24-27)
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13.6%
14.9%



Treat a weaning-induced 
pulmonary edema (wipo)

Maybe wait and 
sleep?

Performing an 
easy SBT using 

PSV?
Early mobilization 

& partial ventilation 
for diaphragm 
rehabilitation 

What to do in case of SBT failure?

Rule out a new pneumonia or 
respiratory complication



What is Weaning Failure?
Start of 
weaning 
Period

First spontaneous 
breathing trial (SBT)

SBT failure 
(~25% of cases) 

Weaning difficult > 24h or 
prolonged > 7 days

Switch to 
PSV

Planned Extubation

SBT success

Extubation failure 
(~15% of cases) 

Reintubation day 7

Weaning 
failure??



Reasons for reintubation

Thille AW et al., New England Journal of Medicine 2022; 387:1843-1854.

969 patients at high-risk of extubation failure in 31 French ICUs



10% 8%Cardiogenic pulmonary edema

36% 31%Copious secretions
27% 18%Ineffective cough
22% 20%Weakness of respiratory muscles



Patients at high risk of extubation failure

Reintubation 
Rate 10-20%

Patients at 
Low Risk

< 10%

Patients at 
High Risk

> 20%



Age ≥ 65y or underlying cardiac or respiratory disease

Thille AW et al., Crit Care Med 2011; 39: 2612-2618. 

Reintubation 
rates > 20% with 

standard O2



Patients at high risk of extubation failure

Hernandez G et al., JAMA 2016; 315:1354-
1361.

More than 65 years
Underlying COPD or cardiac insufficiency

BMI ≥ 30 kg/m2

At least 2 comorbidities

Patients intubated for more than 7 days

Difficult weaning

APACHE score > 12 the day on extubation

Risk of upper airway obstruction

Difficulty to manage secretions

???

???



Torrini F et al., Crit Care 2021; 25:391.



Burns KEA et al., JAMA 2021; 325:1173-1184. 

11% 9%Reintubation

SBT success SBT failure

9% 17%Mortality ICU

4% 12%Mechanical vent. day 28



Patients at high risk of extubation failure

Hernandez G et al., JAMA 2016; 315:1354-
1361.

More than 65 years
Underlying COPD or cardiac insufficiency

BMI ≥ 30 kg/m2

At least 2 comorbidities

Patients intubated for more than 7 days

Difficult weaning

APACHE score > 12 the day on extubation

Risk of upper airway obstruction

Difficulty to manage secretions +++



Thille AW et al., Crit Care 2020; 24:86.

344 patients at high risk of 
reintubation 

40% Semiquantitative 5-Likert scale:
0 = absent
1 = weak and ineffective
2 = moderate
3 = good and effective
4 = strong and very effective



Extubation failure rates according to cough strength assessed using 
cough peak flow (CPF) or semi-quantitative cough strength score (SCSS)

Weak cough using CPF

36% vs. 6%*

Weak cough using SCSS

37% vs. 11%*

Lower sensitivity but 
higher specificity using 
SCSS than using CPF

Duan J et al., Critical Care 2021; 25:357.

> 7000 patients



High-Wean study
30 ICUs in France

Thille AW et al., JAMA 2019; 322: 1465-1475. 

641 Patients at high-risk of extubation failure
Age > 65y or with any underlying cardiac or respiratory disease

High-flow nasal 
oxygen 
alone

High-flow nasal 
oxygen 

with NIV

Randomization
stratified on PaCO2

> 45 mm Hg

Weak cough 25%



Time Since Extubation, d

NIV
- PS 8 ± 2 cm H2O

- PEEP 5 ± 1 cm H2O
13 hours in mean 

within the first 24h

18.2%

11.7%

Thille AW et al., JAMA 2019; 322: 1465-1475. 



Time Since Extubation, d Time Since Extubation, d

Sub-group analysis: PaCO2 > 45 mm Hg



Normal or underweight
BMI < 25
N = 213

Overweight 
25 ≤ BMI < 30

N = 204

Obesity
BMI ≥ 30
N = 206

Thille AW et al., Am J Respir Crit Care Med 2022; 205:440-449.



Reintubation rates according to the BMI

25 ≤ BMI < 30 kg/m2 BMI ≥ 30 kg/m2

18%

6%

21%

9%

20%

14%

BMI < 25 kg/m2

Thille AW et al., Am J Respir Crit Care Med 2022; 205:440-449.



Conclusions

Start of 
weaning 
Period

Switch to 
PSV

Extubation failure 
(~15% of cases) 

Reintubation until day 7

SBT failure 
(~25% of cases) 

Weaning difficult > 24h or 
prolonged > 7 days

- WIPO, type of SBT
early mobilization & partial 

ventilation, sleep, 
- Not a risk factor for 

reintubation but for mortality

- High mortality
- Age > 65y, cardiac & chronic 

respiratory disease
- Difficulty to manage 

secretions (limitation of SBT)
- Prophylactic NIV


