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Abstract Purpose: The spontane-
ous breathing trial (SBT)—relying on
objective criteria assessed by the cli-
nician—is the major diagnostic tool
to determine if patients can be suc-
cessfully extubated. However, little is
known regarding the patient’s sub-
jective perception of autonomous
breathing. Methods: We performed
a prospective observational study in
211 mechanically ventilated adult
patients successfully completing a
SBT. Patients were randomly
assigned to be interviewed during this
trial regarding their prediction of
extubation success. We compared
post-extubation outcomes in three
patient groups: patients confident
(confidents; n = 115) or not (non-
confidents; n = 38) of their extuba-
tion success and patients not
subjected to interview (control group;
n = 58). Results: Extubation suc-
cess was more frequent in confidents
than in non-confidents (90 vs. 45%;

p \ 0.001/positive likelihood
ratio = 2.00) or in the control group
(90 vs. 78%; p = 0.04). On the con-
trary, extubation failure was more
common in non-confidents than in
confidents (55 vs. 10%; p \ 0.001/
negative likelihood ratio = 0.19).
Logistic regression analysis showed
that extubation success was associ-
ated with patient’s prediction [OR
(95% CI): 9.2 (3.74–22.42) for conf-
idents vs.non-confidents] as well as to
age [0.72 (0.66–0.78) for age 75 vs.
65 and 1.31 (1.28–1.51) for age 55 vs.
65]. Conclusions: Our data suggest
that at the end of a sustained SBT,
extubation success might be corre-
lated to the patients’ subjective
perception of autonomous breathing.
The results of this study should be
confirmed by a large multicenter trial.
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Introduction

Rapid discontinuation of mechanical ventilation is an
essential issue for both critically ill patients and clini-
cians, but controversy still exists as to the best approach
for conducting this task [1]. Its correct timing is crucial,

as both premature and unreasonably delayed extubation
are associated with adverse outcomes [2–7].

It is presently recommended to perform weaning by
means of an evidence-based two-step approach, in which
daily evaluation for readiness to wean is followed by
extubation after a successful spontaneous breathing trial
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(SBT) [1, 2]. The SBT is presently the major diagnostic
tool to determine if patients can be successfully extubated
[1], and recent recommendations have been made to
further increase the likelihood of successful extubation
[8–15]. Nonetheless, extubation failure—defined as the
need for ventilatory support or death within 48 h fol-
lowing extubation (adapted from [1])—is still prevalent,
with reported reintubation rates of up to 19% [1, 16, 17]
and 5–24% for rescue therapy with non-invasive venti-
lation (NIV) [13–15].

The recommended approaches to evaluate the likeli-
hood of successful extubation rely on objective criteria
assessed by the clinician [1–15]. Little emphasis has been
placed so far on the patients’ subjective evaluation of the
potential to sustain autonomous breathing, which might
be influenced by psychological factors as well as the
perceived work of breathing. In the few studies that have
investigated subjective criteria during weaning [18, 19],
dyspnea was significantly associated with fatigue and
patients’ lack of confidence in their ability to breathe
without ventilatory support [18], whereas lack of dysp-
nea—along with the rapid shallow breathing index—was
identified as the best predictor of successful weaning [19].
However, no study has so far tested the prognostic value
of subjective perceptions for predicting extubation
success.

The aim of our study was to prospectively assess the
patient’s capacity to predict extubation outcome before
and at the end of a SBT.

Methods

Patients and Setting

This prospective, observational study was conducted in
the mixed 9-bed Intensive Care Unit of a regional
teaching hospital (Bellinzona) and the mixed 36-bed
Intensive Care Unit of a university hospital (Geneva).
This investigation was approved by the local ethics
committees, which waived written, informed consent and
registered in the Clinical Trials.gov-Protocol Registration
System as ‘‘Prediction of extubation success by the
patient’’ (NCT00448565).

Between November 2006 and December 2008, con-
secutive patients C18 years of age, requiring invasive
mechanical ventilation for C10 h (thereby excluding
patients with immediate, uncomplicated postoperative
extubation) were eligible when they were considered
ready to sustain a SBT (details are provided in the online
supplement). Exclusion criteria were the need for tra-
cheostomy, neurological deficits presumably precluding
patient cooperation (e.g., traumatic brain injury), terminal
weaning, failure of C2 SBT and absence of a primary
investigator during the SBT.

Study protocol

Patients showing stabilization or reversal of the underly-
ing cause of acute respiratory failure were continuously
assessed by caregivers (physicians in charge of the patient
and experienced and specialized ICU-nurses) in view of
the readiness criteria for the SBT. Mentation was assessed
by the Glasgow Coma Scale and the Sedation-Agitation
Scale or Richmond-Agitation-Sedation Scale, respec-
tively. Sedation was carefully titrated and eventually
stopped. Patients were considered competent to undergo
the questioning when they had an adequate mentation
(awake and cooperative), and were able to give repro-
ducible answers and carry out orders. Eligible patients
were indicated to the investigators, who randomly
assigned them to be interviewed (70%) or not (30%)
about their personal prediction of extubation success.
Randomization was done in a blinded fashion, using
opaque, sealed and numbered envelopes kept in the
administrative office of each center. The interview was
carried out at two distinct moments: (1) immediately
before the SBT and (2) at the end of the SBT (with SBT
ventilator setting). Patients were asked the following
question: ‘‘do you feel able to breathe without the help of
the machine’’ (they were informed that their probability to
sustain autonomous breathing was now determined by
means of a SBT, followed by a concise explanation
regarding the meaning and consequences of the term
extubation)? The patient’s non-verbal answer (by nodding
or head shaking) was recorded as yes (clearly affirma-
tive), no (clearly negative) or do not know (ambiguous
answer, impossibility to adequately interpret the patient’s
answer). A patient’s response was retained as valid and
thus recorded as yes or no when it was correctly repeated
once; otherwise, it was considered an ambiguous answer.
In order to avoid any Hawthorne effect (a positive or
beneficial effect on a person or group performing at a
higher level of efficiency because of knowledge being
observed [20]), we did not inform our interns and nurses
about the ongoing study. All patients from the interven-
tion group were informed and interviewed exclusively by
the investigators and in the absence of other caregivers;
for control group patients, an analogous procedure was
simulated (presence of an investigator in the visually
shielded room without the patient being interviewed).

While preparing for the SBT the ventilator was
switched to pressure support ventilation (if not already
in use for treatment of acute respiratory failure) with
12 cmH2O inspiratory pressure support in order to carry
out the first interview. Afterwards, the SBT of 30–120-
min duration was performed with 7 cmH2O inspiratory
pressure support and 5 cmH2O positive end-expiratory
pressure (without automatic tube compensation). All
patients who successfully completed the SBT were
immediately extubated, while those failing (see online
supplement) were reassessed 24 h later. The decision for
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extubation was taken by the caregivers who were blin-
ded to the patient’s prediction of extubation outcome.
Extubation was performed during the daytime only in
order to ensure optimal support by respiratory therapists.
The study investigators were excluded from the routine
care of patients and decision making (extubation, rescue
NIV or reintubation).

Immediate reintubation was performed in the presence of
a major clinical event (see online supplement). The
appearance of at least one criterion defining respiratory
failure after extubation prompted immediate rescue therapy
with NIV. The rescue therapy with NIV was considered
inappropriate (and required immediate reintubation) at the
appearance of any major clinical event (see above).

Data collection and definitions

Patients’ general characteristics and relevant data for the
study were prospectively recorded from medical records
and bedside flow charts. The causes of respiratory failure
after extubation leading to NIV or reintubation were
documented, and the follow-up was continued until ICU
discharge or death.

Extubation success was defined as absence of death or
need for ventilatory support within 48 h after extubation
(adapted from [1]). Patients giving a clearly affirmative
answer regarding the specific question mentioned above
were defined as confidents, whereas those who predicted
their inability to breathe independently or gave an ambiguous
answer, respectively, were termed non-confidents. Patients
with sham interviews were assigned to the control group.

Statistical analysis

Sample size estimation

Based on previous results [13, 14] and our local expe-
rience [21], we expected a 20% overall rate of
extubation failure (10% reintubation and 10% rescue
NIV). We hypothesized that confidents would show a
50% reduction in extubation failure (from 20 to 10%)
and non-confidents an increase of 50% (from 20 to
30%), with an a priori assumption of the same popula-
tion in each group. Thus, the sample size required to
detect a 20% difference between the two groups with a
power of 80% was 144. A control group representing a
similar sample size as each experimental group was
created by randomization.

Comparison between groups

We compared outcomes between confidents and non-
confidents; the control group served as a comparator for

the whole interview group. We distinguished between
true positives (TP; confidents ? extubation success), false
positives (FP; confidents ? extubation failure), true neg-
atives (TN; non-confidents ? extubation failure) and false
negatives (FN; non-confidents ? extubation success). The
primary end point was extubation success in confidents
compared to non-confidents.

For the intervention groups, the association between
extubation success and the patients’ prediction (ordinal
scale: no, ambiguous, yes) was measured with a Spearman
q coefficient. Unless specified, the comparison between
different groups for continuous values was performed with
an analysis of variance, and Fisher (when applicable) or
chi-square test for nominal values. A logistic regression
model was used to investigate the link between extubation
success and the following variables: effect of study site and
investigator, gender and age of the patient, SAPS II and the
patients’ prediction. Variables taken into account for the
final model were selected using as a first step the covariates
gender, age and SAPS II, then by backward and forward
selection. All of the analyses where performed with
TIBCO Spotfire S?� 8.1 for Windows.

Results

Out of 887 patients subjected to invasive mechanical
ventilation during the study period, 211 were ultimately
included in the study and analyzed (Fig. 1): 153 were
allocated to be interviewed and 58 to the control group.
Most patients (204/211) were extubated after their first
SBT (6 of the 7 patients, 86% who failed their first SBT
were not-confident at that time); 200 of 211 (95%)
patients underwent a 30-min trial. Statistical analysis did
not reveal any difference in outcome between inter-
viewers or centers. Extubation success in the whole
experimental group (120 of 153, 78%) was similar to
that of the control group (45 of 58, 78%), and their
baseline characteristics were comparable (see online
supplement).

As shown in Table 1, the patients’ prediction of
extubation success varied according to the timing of the
interview. Prior to the SBT, the patient’s perception was
imprecise (positive predictive value: 0.80; Spearman
q = 0.068 with p = 0.40). A more accurate prediction
was obtained at the end of the SBT (positive predictive
value: 0.90; q = 0.499; p \ 0.001), and therefore evalu-
ation results all refer to end of SBT timing.

At the end of the sustained SBT, 115 patients were
confidents and 38 were non-confidents. Comparison
within experimental groups revealed younger age and
fewer risk factors for extubation failure in confidents
(Table 2). As depicted in Table 3, extubation success
was more frequent in confidents than in non-confidents
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(90 vs. 45%; p \ 0.001/positive likelihood ratio = 2.00).
On the contrary, non-confidents were more frequently
associated with rescue therapy with NIV than confidents
(39 vs. 8%; p \ 0.001), to reintubation (16 vs. 3%;
p = 0.008) or both (55 vs. 10%; p = 0.001/negative
likelihood ratio = 0.19). No death was observed within
48 h following extubation. Other clinical outcomes
according to the patients’ perception are listed in Table 3.

The reasons for extubation failure are listed in
Table 3. Immediate rescue therapy with NIV avoided
reintubation in 9 of 10 (90%) confident patients and
15 of 18 (83%) non-confident patients (p = 0.99).
Reintubated patients had a higher mortality (3 of
11, 27%) than those needing a rescue therapy with
NIV (4 of 35, 11%) or being successfully extubated
(2 of 165, 1%).

Patients in MV  
(n=887) 

Control 
(n=58) 

Interview 
(n=153) 

Confidents 
(n=115) 

Passed SBT 
(n=211) 

271 not meeting inclusion criteria:
 37  age < 18 yrs 
           198  MV < 10 hours 
 36  transferred intubated 

405 meeting exclusion criteria:
         150  investigators absent  
 104  terminal weaning 
             78  tracheostomized 
              52  not collaborative 
              19  presumed neurolog. deficit 
    2   ≥ 2 failed SBT 

Non-confidents 
(n=38) 

103 Extubation success 

  12 Extubation failure 
     3 Reintubation 
     9 NIV 

17 Extubation success 

21 Extubation failure 
     6 Reintubation 
           15 NIV 

45 Extubation success 

13 Extubation failure 
      2 Reintubation 
     11 NIV 

Fig. 1 Protocol description and
flow diagram of patients.
MV invasive mechanical
ventilation, SBT spontaneous
breathing trial, NIV rescue
therapy with non-invasive
ventilation
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A logistic regression analysis showed that extubation
success was associated with patient prediction as well as
to age (Table 4).

Discussion

Our study suggests that extubation success might be
correlated to the patient’s subjective perception. In fact, at

the end of a sustained SBT, 90% of confidents were
successfully extubated as compared to 78% of the control
group and 45% of non-confidents. Although non-confi-
dents had a relatively high false-negative prediction rate,
this interview approach might add another valuable tool
in helping clinicians to assess patients deemed ready for
extubation without pretending to be a new gold standard.

The patients’ prediction was probably associated with
the work of breathing at the time the question was asked,
since the interview performed at the end of the SBT yielded

Table 1 Patients’ predicted extubation outcome, according to the timing of the interview

Extubation
successa

Extubation
failurea

Sensitivityb Specificityb PPVb NPVb

Interview: prior to SBT
Confidents (n = 108) TP 86 (80) FP 22 (20) 71.7 33.3 79.6 24.4
Non-confidents (n = 45) FN 34 (76) TN 11 (24) 62.6–79.3 18.6–51.9 70.6–86.5 13.4–39.9

Interview: end of SBT
Confidents (n = 115) TP 103 (90) FP 12 (10) 85.8 63.6 89.6 55.3
Non-confidents (n = 38) FN 17 (45) TN 21 (55) 78.0–91.3 45.1–79.0 82.1–94.3 38.5–71.0

Control (n = 58) 45 (78) 13 (22)

Data are expressed in numbers (%)a or percents (95% CI)b

PPV positive predictive value, NPV negative predictive value, LR
likelihood ratio, SBT spontaneous breathing trial, Confidents

patients confident in their extubation success, Non-confidents
patients not confident in their extubation success, TP true positives,
TN true negatives, FP false positives, FN false negatives

Table 2 Baseline
characteristics of patients
assigned to interview,
according to their prediction

Characteristics Confidents
(n = 115)

Non-confidents
(n = 38)

P value

Age (years) 63 ± 14 70 ± 16 0.01
Gender, M/F 75/40 20/18 0.18
SAPS II 44 ± 15 49 ± 17 0.13
Length of mechanical ventilation (h) 105 ± 119 127 ± 119 0.32
MV [48 h 64 (56%) 25 (66%) 0.34
Risk factors for extubation failure
Age [65 years 58 (50%) 26 (68%) 0.06
APACHE II [12 points, day of SBT 63 (64%) 27 (84%) 0.09
PaCO2 [6 kPa (45 mmHg), end of SBT 5 (5%) 6 (18%) 0.03
f/VT, prior to SBT 35 ± 19 46 ± 29 0.03
f/VT, end of SBT 39 ± 19 52 ± 33 0.01
Critical illness neuro-/myopathy 2 (2%) 4 (11%) 0.03
COPD 14 (13%) 10 (28%) 0.07
Chronic heart failure 12 (12%) 6 (18%) 0.39
Pre-existing neuromuscular disease 6 (5%) 2 (5%) 0.99

Indications for mechanical ventilation
Coma 7 (6%) 0 0.19
Exacerbation of COPD 6 (5%) 2 (5%) 0.99
Major surgery 50 (43%) 14 (37%) 0.57
Multiple trauma 4 (3%) 3 (8%) 0.37
Sepsis 11 (10%) 2 (5%) 0.52
ALI/ARDS 6 (5%) 0 0.34
Congestive heart failure 5 (4%) 2 (5%) 0.99
Community acquired pneumonia 4 (3%) 6 (16%) 0.02
Nosocomial pneumonia 5 (4%) 4 (11%) 0.23
Others 17 (15%) 5 (13%) 0.99

Categorical variables are expressed in numbers (%) and continuous as mean ± SD
Confidents (non-confidents) patients confident (not confident) in their extubation success at the end of
their spontaneous breathing trial, SAPS II simplified acute physiology score, APACHE II Acute
Physiology And Chronic Health Evaluation II, f/VT respiratory frequency to tidal volume ratio
(breaths min-1 L-1), COPD chronic obstructive pulmonary disease, ALI acute lung injury, ARDS
acute respiratory distress syndrome
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more accurate results. From a pathophysiological point of
view, these findings make sense, as the higher inspiratory
pressure support prior to the SBT (B12 cmH2O) probably
overcompensated the resistance and the dead space
imposed by the ventilator circuit, compared to the lower
level applied during the SBT (7 cmH2O). One might ask
how and what do patients with negative confidence expe-
rience that goes unobserved by clinicians or is not detected
by objective criteria? A close examination of this group of
patients during future trials might generate new successful
predictors. Another interesting point, confirming the need
to chose the right timing for a more accurate prediction, is

that 23 out of 38 patients with an ambiguous answer prior
to the SBT were finally confident at the end of the SBT
with a 100% extubation success, whereas only 70% of
those remaining ambiguous were successfully extubated,
and all five patients becoming non-confident had an
extubation failure (two rescue therapies with NIV, two
reintubations, one death).

Confident patients exhibited a 90% successful extu-
bation rate, findings superior to those observed in the
control group (78%) and to the rates reported in the liter-
ature [1, 13–17]. Although this result did not reach
significance, the low p value brings evidence that one may
expect to confirm this trend by means of a larger trial.
Conversely, patients’ negative prediction of their post-
extubation respiratory autonomy, although having suc-
cessfully passed a SBT, should be taken seriously: more
than half actually undergo extubation failure within 48 h.

While the enhanced predictive value of the interview in
the confident patients would suggest its addition to the
weaning strategy of intubated patients, the question of what
to do with non-confidents is more difficult to answer. One
might suggest that those patients could be candidates for
the early application of prophylactic NIV, since the main
reason for extubation failure was signs of increased respi-
ratory muscle load. This proposal would be in line with
results from studies showing the beneficial impact of such
an approach [13–15, 22]. Interestingly, and as shown in
Table 2, non-confidents expressed risk factors for extuba-
tion failure [13] significantly more often than confidents.

Table 3 Outcomes and main
reasons for extubation failure,
according to the patients’
prediction

Confidents
(n = 115)

Non-confidents
(n = 38)

P value

Outcome variables
Extubation success 103 (90%) 17 (45%) \0.001
Extubation failure 12 (10%) 21 (55%) 0.002
NIV 9 (8%) 15 (39%) \0.001
Reintubation 3 (3%) 6 (16%) 0.01
NIV ? reintubation 1 (1%) 3 (8%) 0.05
Direct reintubation 2 (2%) 3 (8%) 0.1

ICU stay (days) 8.5 ± 7.4 12.4 ± 10.9 0.01
Post-extubation ICU stay (days) 3.0 ± 3.8 5.6 ± 8.4 0.01
ICU mortality 4 (3%) 4 (11%) 0.11

Main reasons for extubation failure (n = 12) (n = 21)
Leading to reintubation
Combined respiratory distress 0 2 (10%) 0.52
Upper airway obstruction 2 (17%) 2 (10%) 0.61
Excess respiratory secretions 1 (8%) 2 (10%) 0.99

Leading to rescue NIV
Hypoxemia 5 (42%) 4 (19%) 0.23
Increased respiratory muscle load 2 (17%) 9 (43%) 0.25
Hypercapnia 2 (17%) 2 (10%) 0.61
Decreased consciousness 0 0 -

Categorical variables are expressed in numbers (%) and continuous variables as mean ± SD. The
p values refer to comparisons between intervention groups
Confidents (non-confidents) patients confident (not confident) in their extubation success at the end of
their spontaneous breathing trial, ICU intensive care unit, NIV noninvasive ventilation, NA not
applicable (sample sizes too small)

Table 4 Logistic regression analysis: effect of different variables
on extubation success

Variables P value OR (95% CI)

Gender 0.47 -
SAPS IIa 0.96 -
Investigator 0.28 -
Study site 0.28 -
End of SBT
Confidents \0.001 9.22 (3.74–22.42)
Non-confidents 1

Agea

55 0.001 1.31 (1.28–1.51)
65 1
75 0.72 (0.66–0.78)

a Taken as a continuous variable
OR odds ratio, CI confidence interval, SAPS II simplified acute
physiology score, SBT spontaneous breathing trial
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Our study presents several limitations. First, this study
was performed solely in two ICUs and on a relatively
small sample size. Moreover, about 40% of the patients
were post-surgical (major abdominal and thoracic sur-
gery), a group that generally presents less difficulty in
weaning. Nonetheless, we believe that the data are very
promising as statistical analysis did not reveal any dif-
ference in outcome between different interviewers or
centers. Second, knowledge of the ongoing study might
theoretically have stimulated nurses and respiratory
physiotherapists to manage confident patients more
‘‘intensely’’ than the others. However, in order to avoid
any Hawthorne effect [20], we did not inform them about
the content of the ongoing study; in addition we tried to
minimize this concern by random selection of the patients
to be interviewed and simulating the procedure in the
control group. Furthermore, all patients were clinically
assessed and eventually interviewed exclusively by the
investigators and in the absence of any other caregiver.
Third, the study does not allow conclusions about a
possible benefit in delaying the extubation of non-confi-
dent patients, as ethical reasons warranted extubation
after a sustained SBT (gold standard). Fourth, our inclu-
sion criterion regarding the duration of mechanical

ventilation (C10 h) may have favorably affected extuba-
tion outcome. However, most patients (84%) were
ventilated for more than 24 h (as proposed by [2]), and
statistical evaluation did not reveal any correlation
between duration of mechanical ventilation and extuba-
tion outcome or patient’s prediction, respectively. Fifth,
as we frequently tracheotomize patients with prolonged
weaning [1], we were not able to ascertain whether the
patients’ perception of extubation success may vary
according to the difficulty and duration of their weaning
process. Accordingly, our results apply primarily to
patients with simple weaning. Finally, we only included
awake and cooperative patients, whereas Boles et al. [1]
suggested a somewhat less precise criterion (adequate
mentation).

In conclusion, our data suggest that at the end of a
sustained SBT, extubation success might be correlated to
the patients’ subjective perception of autonomous
breathing. The results of this study should be confirmed
by a large multicenter trial.
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Gordo F, Vallverdù I, Blanch L, Bonet
A, Vázquez A, de Pablo R, Torres A, de
la Cal MA, Macı́as S (1999) Effect of
spontaneous breathing trial duration on
outcome of attempts to discontinue
mechanical ventilation. Am J Respir
Crit Care Med 159:512–518

6. Esteban A, Alia I, Gordo F, Fernández
R, Solsona JF, Vallverdù I, Macı́as S,
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