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 Clinicians conduct SBTs to facilitate decision-making 
regarding timely extubation

 In making extubation decisions, clinicians ‘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

- CPAP

- Automatic Tube Compensation 

- T-piece 



 The Task Force on Weaning supports that an 
SBT is the major diagnostic test to determine 
if patients can be extubated.

 Recommends that initial SBTs be conducted 
with either:
◦ T-piece or 

◦ PS (5 to 8 cm H2O in adults;10 cm H2O in children) 
± 5 cm H2O PEEP

Boles JM. Eur Respir J. 2007 May;29(5):1033-56.



 A Cochrane review (n=9 trials) compared PS and T-piece 
weaning in critically ill adults. 

 Nonsignificant differences between PS and T-piece 
weaning with regard to:
 weaning success
 pneumonia
 reintubation
 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: This SR focused on ‘weaning’, was limited to 
full RCT publications of adult patients and compared 2 
techniques (PS vs. T-piece SBTs) ONLY.

Ladiera et al, CDSR 2014 May 27;(5):CD006056



 Recently published a SR/MA (n=12 trials, n=2161) 
compared PS and T-piece weaning in critically ill 
adults. 

 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)] but not for 
difficult [RR 1.45 (0.73 – 2.88)] or prolonged [RR 0.85 
(0.69 – 1.05)] weaning patients. 

Pellegrini et al, Respir Care. 2016 Sep 6. pii: respcare.04816. 
[Epub ahead of print]



 We sought to critically appraise, summarize, and 
evaluate the body of evidence directly comparing 
alternative SBT techniques 
PS  vs. other technique
CPAP vs. other technique
T-piece vs. other technique

 To ascertain differences between alternative 
techniques on important clinical outcomes



 We searched MEDLINE, EMBASE, CENTRAL, CINAHL, 
EBM Reviews and Ovid Health Star (January 2016) to 
identify potentially eligible trials using database-
specific search strategies. 

 We did not apply language restrictions.

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

 Five authors hand searched annual conference 
proceedings from 5 scientific meetings over 25 year 
period (1990 to 2015)



 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.



 We excluded trials that:

(i) Included predominantly or exclusively neonatal or trached
patients

(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 ventilation

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

Two authors (KB, JF) independently selected trials meeting 
inclusion criteria. A third author (LB) adjudicated differences 
where required.



 Two authors (KB, JF) independently abstracted data 
regarding study features, outcomes and risk of bias 
(RoB)
-method of randomization 
-allocation concealment 
-blinded outcomes assessment
-completeness of follow up
-selective outcomes reporting 
-stopping early for benefit 

 We assigned a judgment related to the RoB for each 
domain (Yes, Unclear, No).

 GRADE: Evaluate the quality of a body of evidence and 
to construct ‘Summary of Findings’ tables.



 We pooled data using random effects models. 

 We summarized data using RR (binary outcomes) 
and mean difference (MD) (continuous outcomes) 
with 95% CI. 

 We pooled initial SBT success in trials that 
conducted more than one SBT.

 We assessed heterogeneity using:
◦ I2 measure with thresholds of 0-40%, 30-60%, 50-90%, 

and >75% (not important, moderate, substantial, or 
considerable heterogeneity respectively)

Higgins JP. Stat Med. 2011 Apr 30;30(9):903-21. 



A priori, we planned subgroup analysis

 Pretest probability of success (SBT and 
extubation): 
-Operative vs. Nonoperative patients

-Alternatively, ‘high pre-test probability of 
success’/shorter duration of MV vs. ‘low pre-test 
probability of success’/longer duration of MV  



3,785 unique citations

3,602 citations excluded

183 potentially relevant 
citations

152 citations excluded
65 crossover studies
31 not randomized
27 weaning studies
13 SBT vs. no SBT
8 physiologic
8 other 

31 included trials (n=3,541)



 Most trials compared T-piece to PS SBTs (13 trials) or 
T-piece to CPAP SBTs (9 trials).

 Few trials compared alternative SBT techniques in 
children (n =3).

 Most trials (n=22) were conducted in patients who 
were in nonoperative patient populations

 In pooling outcomes, we noted that 5 of 6 cardiac 
surgery trials reported a 100% SBT success rate in 
both arms and 3 surgical trials reported a 100% 
extubation success rate in both arms





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

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



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

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





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%

ATC vs. T-piece 2 trials

[157]

1.03 (0.76, 1.42) 0.83 81%

ATC/PS vs. PS 1 trial

[100]

1.04 (0.94, 1.15) 0.40 NA



 No effect of one SBT technique vs. another on:

-Reintubation rate (14 T-piece, 9 CPAP, 7 ATC, 13 PS)

-ICU mortality (7 T-piece, 3 CPAP and 5 PS SBT trials), 

-Hospital mortality (4 T-piece and 4 PS SBT trials) or 

-Most protracted mortality (10 T-piece, 4 CPAP, and 7 
PS SBT trials). 



Quality assessment No of patients Effect

QualityNo of 

trials

[n]

Risk of 

bias

Inconsisten

cy

Indirect

ness Imprecisio

n

Pressure 

Support
T-piece 

Relative

(95% CI)

Risk 

Differenc

e

Operative trials 

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 

(from 322 

fewer to 

181 

more)

ÅÅOO

LOW

Nonoperative 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 

(from 7 

more to 

96 more)

ÅÅÅÅ

HIGH

p=0.3



 We identified 31 trials (n = 3,541) of predominantly 
moderate quality (RoB).

SBT success (PS vs. T-piece)

 Moderate quality evidence supported that SBT success 
rates were similar with PS and T-piece SBTs, with 
substantial heterogeneity. 

 Post hoc exclusion of a single trial with inconsistent 
internal results eliminated the heterogeneity and showed 
that SBT success was 6% more likely with PS (vs. T-piece) 
SBT. 



Extubation success (PS vs. T-piece)

 Meta-analysis showed a 6% higher probability of 
successful extubation following PS (vs. T-piece ) SBTs 
with no heterogeneity. 

 NNT =19.7



 Low quality evidence from 3 trials supported that patients 
were :

-12% more likely to pass an SBT: ATC/CPAP vs. CPAP

-10% more likely to pass an SBT: ATC/CPAP vs. PS 

- No difference in extubation success. 

 No differences between SBT techniques on reintubation or 
other secondary outcomes. 

 Subgroup analysis suggested beneficial effects of PS vs. 
T-piece SBTs on SBT success in 7 nonoperative trials (high 
quality evidence) compared to 2 operative trials (low 
quality evidence), but the RR was not statistically 
dissimilar.



 Most patients, especially those with high pre-test 
probability of success, can be easily separated from MV 
after an initial SBT.

 These patients represent the majority submitted to SBTs.

 Compared to T-piece SBTs, PS SBTs may facilitate 
extubation decision-making. 

 Even if PS SBTs underestimate post-extubation WOB their 
successful completion may 

-offset clinician reluctance to extubate some patients, 

-resulting in more timely and successful extubation

-without increased risk of reintubation.



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

 Especially when high uncertainty exists regarding their 
ability to breathe on their own and when clinicians 
prioritize a low FP rate for passing an SBT to avoid the 
risks associated with extubation failure.

 Conversely, when T-piece SBTs (vs. PS SBTs) are used in 
patients with a high likelihood of extubation success they 
may induce a higher FN rate. 



Subgroup Analysis: Operative vs. Nonoperative trials

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

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



Feature Ladiera et al Pellegrini et al Our SR/MA

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)



 Summary estimates - limited by variable and 
inconsistent outcomes reporting and unclear follow-up. 

 Statistical noise would be minimized if
- Assigned SBT techniques were applied serially until patients 

passed an SBT and were extubated AND
- Extubation was restricted to patients who passed an SBT 

 We cannot fully elucidate the impact of pre-test 
probability of success on post-test results
- Trials included heterogeneous patients 
- Patients at intermediate or high likelihood of passing an initial SBT 
and being successfully extubated were well-represented 

 Implications of our findings for patients with low pre-
test probability of SBT and extubation success remain 
uncertain.



1. Patients undergoing PS vs. T-piece SBTs appear to be
– 6% (NNT=19.7) more likely to be successfully extubated
- possibly 6% more likely to pass an SBT if the results of 
an outlier trial are excluded. 

2.  Future RCTs should investigate:
- Patients for whom SBT and extubation outcomes are uncertain 
- Compare SBT techniques that maximize differences in support.  
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