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 Approximately 40% of the total time spent on 
mechanical ventilation (MV) is dedicated to weaning.

 Strategies to limit the duration of invasive MV and 
ventilator-related complications have been identified 
as key research priorities by respiratory and critical 
care societies.

Esteban  A, Chest  1994;106:1188-93.

MacIntyre NR, Chest 2001;6 Suppl:375-95. 



Task Force on Weaning
2008

ATS/ACCP Guideline
2016

Screening Weaning considered as    
early as possible  

MV > 24 hrs – ventilation 
liberation protocol

(conditional, low quality)

SBT Technique

Major diagnostic test

SBTs conducted 
With T-piece or 

low levels of PS ± PEEP

SBTs conducted 
with 

PS ± PEEP

(conditional, moderate 
quality)

SBT Duration 30 minutes -



 A qualitative study  (n=443 research questions), 

generated using a multimodal approach and ranked by ICU 
relatives and physicians, identified weaning to be among the 
21 (top 5%) most important research questions. 

Peigne V, Chaize M, Falissard B, et al. Crit Care Med 2011;39:1365-71.



➢ Interviewer-administered questionnaire (n=322) visitors of 
critically ill patients in 2 family waiting rooms

➢ Respondents rated the importance of general and 
ventilation-related outcomes in 2 hypothetical scenarios 
(scale 1 to 10) before an initial SBT and after a failed SBT

➢ Most important ventilation-related outcomes 

#1. Being ventilator-free (8.95)

#2. Avoiding reintubation (8.91)

#3. Passing an SBT (8.90) 

➢ Passing an SBT assumed greater importance after an initial 
failed SBT . 

Burns K et al, Ann Am Thorac Soc. 2016;13:1962-8



➢ Clinicians conduct SBTs to facilitate decision-
making regarding timely extubation

➢ In making extubation decisions, we ‘trade-off’ the 
risks associated with a premature failed attempt at 
extubation (too early) and the complications 
associated with prolonged ventilation (too late). 

➢ Several techniques are commonly used to conduct 
SBTs 
- Pressure Support ± PEEP
- T-piece 
- CPAP
- Automatic Tube Compensation 



 2 Systematic Reviews have compared PS vs. 
T-piece as alternative ‘weaning strategies’



➢ Ladiera et al (n=9 trials) compared PS and T-piece weaning in 
critically ill adults. 

➢ Nonsignificant differences between ‘PS and T-piece weaning’ 
➢ weaning success
➢ reintubation
➢ pneumonia
➢ ICU mortality and LOS

➢ In a subgroup analysis, patients were significantly more likely 
to pass a PS (vs. a T-piece) SBT [RR 1.09, 95% CI 1.02 to 1.17] 
in 4 trials (n= 940 patients). 

➢ Limitations: Focused on ‘weaning’, limited to full RCT 
publications, only included adults, and compared 2 specific 
weaning techniques (PS vs. T-piece) ONLY.

Ladiera et al, Cochrane Database 2014 May 27;(5):CD006056.



 Pellegrini conducted a SR (n=12 trials, n=2161) 
that compared PS and T-piece weaning in critically 
ill adults (including patients with a tracheostomy). 

➢ ‘PS vs. T-piece weaning’ did not influence:
➢ weaning success
➢ reintubation
➢ ICU mortality 

➢ Subgroup analysis suggested that PS may be 
superior to T-piece with regard to weaning 
success for simple weaning patients [RR 1.44 (1.12 
– 1.86)].

Pellegrini et al, Respir Care. 2016;61(12):1693-1703. 



 2 Systematic Reviews have compared PS vs. 
T-piece as alternative ‘SBT strategies’



Sklar et al, AJRCCM. 2017;159(11):1477-85.

WoB PTP

PS vs. T-piece
0.70 (0.57-0.86)

10 studies [n=142]
I2=78%

0.70 (0.60-0.82)
9 studies [n=129]

I2=73%

PS vs. CPAP
0.91 (0.70, 1.18)

[n=154]
0.96 (0.79, 1.18)

[n=156]

CPAP vs. T-piece
0.87 (0.74, 1.02)

[n=136]
0.82 (0.68, 1.00

[n=78]
I2=74%

Compared effect of alternative SBT technique on WoB and PTP



Sklar et al, AJRCCM. 2017;159(11):1477-85.

WoB PTP

PS vs. Extubation
0.54 (0.38-0.78)

[63]
I2=82%

0.51 (0.44-0.59)
[52]

I2=0%

CPAP vs. Extubation
0.75 (0.64, 0.87)

[37]
I2=0%

0.68 (0.60, 0.78)
[37]

I2=0%

T-piece vs. Extubation
0.86 (0.72, 1.02)

[n=77]  
I2=67%
p=0.08

0.77 (0.64, 0.94)
[n=52]
I2=62%

P=0.009

0/0 vs. Extubation
0.99 (0.84,1.17)

[n=43]   
I2=29%
p=0.91

0.95 (0.83, 1.08)
[n=32] 
I2=19%
p=0.44

SBT Measurements vs. Post -Extubation



1. PS SBTs reduce respiratory effort compared 
with T-piece SBTs.

True:  reduced WoB ; I2 =78% (n=142)  

reduced PTP;   I2=73%  (n=129) 

o Impact on ‘clinical outcomes’?

o Helpful? Harmful?



2. 0/0 and T-piece SBTs more accurately reflect the 
physiologic conditions after extubation

o T-piece vs. Extubation had no evidence of effect on WoB
(n=77) and significantly reduced PTP with I2 =62% (n=52) 

?small number of patients/large heterogeneity 

o 0/0 vs. Extubation had no evidence of effect on WoB (n=43) 
or PTP (n=32) with I2 =19-29%

? Very small number of patients/low heterogeneity

? No evidence of effect ≠ evidence of no effect (not equivalent)



Strengths Limitations

 Novel

 Comprehensive search

 Included conference 
proceedings  (5 years)

 No language restrictions

 Assessed quality of both 
crossover and parallel 
group trials

 Small ‘n’

 Important heterogeneity

 Impact on clinical outcomes?

 Funnel plots: flat

 Did not use GRADE

Of the included trials: 
 Mainly crossover trials

 ? Selected vs. standardized  
time pt of measurement

 ? interobserver variation



 To critically appraise, summarize, and 
evaluate the evidence comparing 
‘alternative SBT techniques’ in critically ill 
adults on important clinical outcomes.

Objective



 We searched MEDLINE (January 1966 - Feb 2017), 
EMBASE (January 1980-Feb 2017), and Cochrane Central 
Register of Controlled Trials (CENTRAL: Feb, 2017), 
CINAHL (1982-Feb 2017) and Ovid Health Star (1999-
Feb 2017) without language restrictions. 

 Five reviewers hand searches abstracts from 5 
conference proceedings x 26 years (1990-2016)
◦ AJRCCM
◦ ICM
◦ CCM
◦ CHEST
◦ ISICEM

 Two reviewers (KB, JF) screened citation titles and 
abstracts independently



Inclusion Criteria

➢ Study Design: Randomized or quasi-randomized trials 

➢ Patients: Critically ill adults or children

➢ Interventions: Directly comparing 2 or more SBT techniques

➢ Outcomes: Reporting at least one clinically important 
outcome: 

◦ Primary Outcomes: initial SBT success, extubation success, 
reintubation

◦ Secondary Outcomes: time to extubation or successful extubation, 
time to first successful SBT, mortality, VAP, total duration of MV, ICU 
or hospital LOS, post extubation NIV, or adverse events.



Exclusion Criteria:

(i) Neonates and patients with a tracheostomy

(ii) Evaluated SBTs as part of a weaning strategy

(iii) Included automated SBTs (e.g., SmartCare™, 
Intellivent®) incorporated in weaning strategies

(iv) Compared NIV vs. continued invasive MV.

(v) Compared conduct of an SBT vs. no SBT. 

 Two authors (KB, JF) independently selected articles 
meeting the study inclusion criteria. 



 Two authors (KB, JF) independently abstracted data 
pertaining to study methods

◦ Truly randomized
◦ Allocation concealment
◦ Blinded outcome assessment
◦ Adherence to the ITT principle
◦ Selective outcomes reporting
◦ Stopping early

 We assigned a judgment related to the RoB for each 
domain:

A) low risk of bias, all criteria met
B) unclear risk of bias, one or more criteria unclear
C) high risk of bias, one or more criteria not applied/met

 GRADE: Evaluate the quality of the ‘body of evidence’



 We pooled data using random-effects models 

 We summarized data using
- Relative Risk (RR) (binary 
- Mean Difference (MD) (continuous)

 We assessed heterogeneity using 
◦ Cochran Q statistic 
◦ Impact of heterogeneity [I2 test]

Higgins JP. Stat Med 2002;21:1539-58. 

Higgins JP. BMJ 2003;327:557-60.



 Subgroup analyses 

◦ Pre test probability of success: (low vs. intermediate/high)

(periopertive vs. non-perioperative trials)

◦ Duration of ventilation (non-perioperative trials)

◦ Support provided during SBTs (inspiratory, expiratory, both, 
neither)

 Sensitivity analyses 

- Trial quality (low/moderate vs. high risk of bias)



4,218 unique citations

4,031 citations excluded

187 potentially relevant 
citations

156 citations excluded
65 crossover studies
31 not randomized
29 weaning studies
13 SBT vs. no SBT

8 physiologic
10 other 

31 included trials (n=3,541)

13 (PS vs. T-piece)
9 (CPAP vs. T-piece)
3 (ATC/CPAP vs. PS)
3 (ATC/CPAP  vs. CPAP)





1ᴼ Analysis
9 trials
n=1,901
RR 1.00
[0.89, 1.11]
p=0.96
I2 = 77%

Post hoc 
8 trials
n=1,381
RR 1.06
[1.01,1.12]
p=0.03
I2 = 0%

Excluded one trial with discordant 
SBT and Extubation Outcomes



11 trials
n=1,904
RR 1.06 
[1.02, 1.10]
p=0.007
I2 = 0%

Post hoc
10 trials
n=1,384
RR 1.06 
[1.01, 1.12]
p=0.03
I2 = 0%

Burns KE, Crit Care 2017 Jun 1;21(1):127.



Burns KE, Crit Care 2017 Jun 1;21(1):127.



Quality assessment No of patients Effect

QualityNo of 

trials

[n]

Risk of 

bias
Inconsistency Indirectness Imprecision

Pressure 

Support
T-piece 

Relative

(95% CI)

Risk 

Difference

Peri-operative trials (<24 hours)

2  

trials

[548]

no 

serious 

risk of 

bias

serious1 not 

serious 

serious2 173/274 

(63.1%)

226/274 

(82.5%)

RR 0.86 

(0.61 to 

1.22)

115 fewer 

per 1000 

(-322, 

+ 181)

ÅÅOO

LOW

Nonperioperative trials 

7 trials

[1353]

no 

serious 

risk of 

bias

not serious not 

serious 

not serious 536/680 

(78.8%)

499/673 

(74.1%)

RR 1.07 

(1.01 to 

1.13)

52 more 

per 1000 

(+7, +96)

ÅÅÅÅ

HIGH

p=0.3



Comparison Trials 

[n]

Risk Ratio (95% CI) p-value I2

ATC/CPAP vs. CPAP 3 trials

[247]

1.12 (1.04, 1.22) 0.005 0%

ATC/CPAP vs. PS 3 trials

[276]

1.10 (1.01, 1.20) 0.02 0%

-No SBT technique demonstrated an effect on 
reintubation rate

-No effect on other secondary outcomes

Burns KE, Crit Care 2017 Jun 1;21(1):127.



SBT Success

 In the primary analysis, patients were not more likely 
to pass an SBT with PS vs. T-piece SBTs (I2=77%).

 If the results of an outlier trial were excluded, 
patients were 6% (95% CI 1–12%) more likely to pass 
a PS (vs. T-piece) SBT (I2 = 0%).

Extubation Success

 However, patients were 6% more likely to be 
successfully extubated with PS (vs. T-piece) SBTs    
(I2 = 0%).  NNT ~22.



Strengths Limitations

 Comprehensive search

 No language restrictions

 Abstracts (26 yrs)

 Large sample size, limited 
heterogeneity

 GRADE methodology

 Symmetrical funnel plot

 3 trials PS/T (MV <24 hrs)

Primary analysis: SBT outcome (NS)

?Reconcile findings (SBT/Extubation
Outcome)

Of the included RCTs:

Pts NOT identified by daily screening

? Patients were only extubated after 
successful SBT

? SBTs were repeated until successful 
extubation achieved

? Duration of prospective follow-up



 One size fits all approach? 



Bedeneau, AJRCCM, 2016; 195:772-83.

RCTs  Proportion of Group 1 pts



1. Most patients submitted to MV, especially those with high 
pre-test probability of success, can be easily separated 
from MV after an initial SBT (WIND 1)………e.g.12-24 hrs MV

2. The most important question in patients with a high pre-
test probability of extubation success – may be whether an 
SBT is necessary. 

3. Questions regarding the best SBT technique to use may be 
particularly relevant to patients with indeterminate or low 
pre-test probability of extubation success.

Operative vs. Nonoperative Patients



1. PS SBTs may facilitate extubation decision-making. 

2. Even if PS SBTs underestimate post-extubation WOB 
passing an SBT may:

-Offset clinician reluctance to extubate some patients

-Result in more timely and successful extubation



➢ T-piece SBTs may be appropriate for selected patients (e.g. 
severe LV dysfunction, neuromuscular weakness) 

➢Especially when low likelihood of extubation success

➢When clinicians prioritize a low FP rate for passing an SBT (to
avoid the risks associated with extubation failure).

➢ Conversely, when T-piece SBTs are used in patients with a 
high/intermediate likelihood of extubation success they may 
induce a high FN rate. 

Pre-test probability



OD screening

MF screening MF screening MF screening

Ready for an SBT > 24 hours

High success

SBT

Intermediate 
Success

SBT

SBT S SBT F SBT FSBT S

SBT S  or SBT F

Screening
g

SBT

SBT 
Outcome

Low
Success 

SBT

PS PS T-piece

Accept  FPs Prioritizes Low FP



 We didn’t find a clear answer
◦ “Do the best you can with what you’ve got”

◦ William J. Sibbald 

 Ideally:  Conduct an IP Meta-Analysis

Large RCT (FAST Trial)

 Many more questions than answers!



1) What is the optimal screening frequency to identify SBT 
candidates? 

- Is there benefit to ‘more frequent’ screening?

2) In the era of daily screening, is one SBT technique 
superior to another for patients MV > 24 hours?

- What are important pre-test/probability considerations?
- What is the role for 0/0 (RSBI, SBT technique)?

3) What is the optimal SBT technique and duration for 
patients who fail an initial SBT?





1. No/little heterogeneity between trials

2. At least one moderately sized trial 

◦ 75 to 150 events (binary outcome)

◦ 100 to 200 patients (cont. outcome)

3. Symmetrical funnel plot

4. Grade 

n=1,381
n=1,904

Mod Quality 
Evidence

PvsT: (n=129-142)
TvsE: (n=77)

0% PvsT: 73 -78%
Tvs.E: 62-67%
0/0 vs E: 19-29%

Not Done

Yes Not Done



 Patient Characteristics
◦ Operative vs. Non-operative
◦ Neuro problem vs. No neurological problem
◦ Chronic lung disease (COPD) vs. no COPD

 Duration of MV Before Initial SBT
◦ Short, Intermediate or Long
◦ How do we define ‘duration’

 Outcome of Initial SBT
◦ Success or Failure

 Outcome of Subsequent SBTs
◦ Repeated SBT failure

Pre-test 
probability 

Post test 
considerations



Bedeneau, AJRCCM, 2016; 195:772-83.

RCTs  ?Proportion of Group 1 pts?



 Patient Characteristics
◦ Operative vs. Non-operative
◦ Neuro problem vs. No neurological problem
◦ Chronic lung disease (COPD) vs. no COPD

 Duration of MV Before Initial SBT
◦ Short, Intermediate or Long
◦ How do we define ‘duration’

 Outcome of Initial SBT
◦ Success or Failure

 Outcome of Subsequent SBTs
◦ Repeated SBT failure

Pre-test 
probability 

Post test 
considerations



 Question still remains to be answered in a large 
prospective RCT in the era of daily screening to 
identify SBT candidates

 Our FAST Trial – North American Weaning 
Collaborative

 Factorial design RCT, 20 centres in Can/USA
◦ Screening Frequency (once vs. at least twice daily)

◦ SBT technique (T-piece vs. PS)



Feature Ladiera et al Pellegrini et al Burns et al

Population Adults Adults Adults/Pediatrics

Interventions Weaning (9 trials)
Subgroup: SBT (4 
trials)   

Weaning 
(12 trials)

Directly Compared
SBT techniques 
(11 trials)    

Trials Included 9/exc 4 Included 5/exc 4 Reference category

SBT success NA NA No effect

Weaning or 
Extubation
success

No effect No effect 6% more likely to be 
SE with PS (vs. T-
piece) (11 trials)

Reintubation No effect No effect No effect

Subgroup or 
Post hoc 
analysis

9% more likely to 
pass a PS vs. T-
piece SBT
(n=4 trials)

PS ‘simple wean’

T-piece 
‘prolonged wean’

6% more likely to 
pass a PS vs. T-piece
SBT (8 trials)



Bedeneau, AJRCCM, 2016; 195:772-83.

?


