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Abstract Objective: Evidence that
PS may facilitate weaning from me-
chanical ventilation (MV), although
not confirmed by randomized trials,
prompted us to investigate whether
patients could be weaned with PS
after failing a T-tube trial. Design
and setting: This was a prospective,
non-randomized study in two French
intensive care units. Patients and
participants: One hundred eighteen
patients were enrolled and underwent
a T-tube trial, after which 87 were
extubated. Thirty-one underwent a
further trial with PS, after which 21
were extubated. Interventions: All
patients under MV >24 h meeting the
criteria for a weaning test underwent
a 30-min T-tube trial. If this was
successful, they were immediately
extubated. Otherwise, a 30-min trial
with +7 cm H2O PS was initiated
with an individualized pressurization
slope and trigger adjustment. If all
weaning criteria were met, the pa-
tients were extubated; otherwise, MV
was reinstated. Measurements and

Results: The extubation failure rate at
48 h did not differ significantly be-
tween the groups: 11/87 (13%) versus
4/21 (19%), P=0.39. The groups were
comparable with regard to endotra-
cheal tube diameter, MV duration,
the use of non-invasive ventilation
(NIV) after extubation, initial severi-
ty score, age and underlying pathol-
ogy, except for COPD. A signifi-
cantly higher percentage of patients
with COPD was extubated after the
trial with PS (8/21–38%) than after a
single T-tube trial (11/87–13%)
(P=0.003). Conclusions: Of the pa-
tients, 21/118 (18%) could be extu-
bated after a trial with PS, despite
having failed a T-tube trial. The re-
intubation rate was not increased.
This protocol may particularly bene-
fit patients who are most difficult to
wean, notably those with COPD.
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Introduction

Randomized studies [1, 2] assessing trials of weaning
from mechanical ventilation (MV) detected no difference
between spontaneous breathing trials with a T-tube (VST)
and those with pressure support at 7 cm H2O (PSV). On
the basis of these data, the consensus conference of the
Francophone Intensive Care Society on weaning from
mechanical ventilation [3] judged the two tests to be
equally valid when establishing the clinical criteria for

weaning. Several published findings [4, 5, 6, 7, 8, 9]
demonstrate that the excess workload imposed by
breathing through an endotracheal tube can be compen-
sated by the use of 7 cm H20 pressure support. This ex-
cess load may be even greater in patients with an already
diminished work of breathing [10].

All these data suggest that if the load is balanced by
the work of breathing, a T-tube trial may be successful in
the patients who are easiest to wean. In other cases (pa-
tients failing the T-tube trial), the use of pressure support
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(7 cm H2O) could provide a means of decreasing the
excess load. This might enable certain patients to meet the
weaning criteria and benefit from earlier extubation, even
when this does not appear to be justified on the basis of a
single T-tube trial. This hypothesis led us to investigate
the possibility of weaning patients from MV following a
spontaneous breathing trial with pressure support at 7 cm
H2O after the previous failure of a T-tube trial.

Materials and methods

Study design

This was a prospective, non-randomized study conducted between
April 2003 and September 2004 in two French adult medico-sur-
gical intensive care units. The protocol was approved by our in-
stitutional ethics committee.

Inclusion criteria

All patients under MV for at least 24 h were included as soon as
they met the criteria for a weaning test [3], i.e., they showed im-
provement in the underlying pathology, required no vasoactive
medication or sedation, were capable of responding to a simple
positive order and were adequately oxygenated (PaO2 >60 mmHg
with FiO2 �0.5 and PEEP �5 cmH2O). Each subject was included
in the study only once. Tracheotomized patients and patients for
whom a decision on treatment restriction was pending were ex-
cluded. The same type of ventilator (EVITA 4, Dragger) was used
for all the patients enrolled in this study.

Protocol

After the patient had been informed about the procedure and had
undergone endotracheal aspiration, he or she was placed in a semi-
sitting position and subjected to a T-tube trial for 30 min. The
following parameters were measured continuously throughout the
study: blood pressure (BP), SpO2 (pulse oximetry), heart rate (HR)
and respiratory frequency (RF) using a Siemens XL 9000 monitor.
The physician responsible for the patient was present at the clinical
assessment. No change was made in the patient’s treatment or
position during the test.

The weaning criteria were those recommended by the consensus
conference [3]: absence of any clinical sign of respiratory distress
(retractions, thoraco-abdominal paradox, agitation, perspiration,
etc.), SpO2 �90% with FiO2 �0.5, RF �35/min and the absence of
a 20% variation in RF or BP. If all these criteria were met, the
patient was extubated respecting the standard procedures, including
the use of oxygen, respiratory physiotherapy and, if appropriate,
aerosol treatment. In the event of a major bronchial obstruction,
non-invasive ventilation (NIV) could be employed in addition to
short-term corticosteroid treatment if laryngeal dyspnea was sus-
pected.

If the patient met one or more criteria of extubation failure in
the T-tube trial, pressure support was initiated immediately and
continued for 30 min at 7 cm H2O if a heating humidifier was used
or at 10 cm H2O with an antibacterial humidifying filter [11, 12].
The other adjustments consisted in applying a PEEP =0 cm H2O
and a FiO2 �0.5, setting the trigger at the highest possible sensi-
tivity level to avoid automatic triggering and adapting the pres-
surization slope individually to each patient. The same parameters
were monitored and recorded as in the T-tube trial. If the patient
met all weaning criteria, he or she was extubated using the same

standard procedures. Otherwise, in the event of persistence (or
aggravation) of several criteria denoting extubation failure, inva-
sive ventilation was reinstated and adjusted.

Evaluation

The principal endpoint was the comparison of the rates of extu-
bation failure within the first 48 h between patients extubated after
a T-tube trial alone and those extubated after a further trial with
pressure support. The decision to reintubate was taken by the
physician responsible for the patient. The principal cause of extu-
bation failure was recorded, noting in particular whether the failure
was due to a problem of extubation feasibility (upper airway ob-
struction and bronchial congestion) when NIV was unsuccessful or
weaning feasibility in other cases of respiratory distress. The effect
of pressure support on the parameters indicating failure of the pa-
tient to meet the weaning criteria during the T-tube trial was also
evaluated.

Statistics

Demographic and physiological variables are expressed as the
means € SD. Qualitative and quantitative variables were compared
using Fisher’s exact test and the Mann-Whitney test, respectively.

Results

A total of 118 consecutive patients were enrolled and
underwent an initial T-tube trial. Of these, 87 met all
weaning criteria and could be extubated at the end of this
first trial (T-tube group). A further 31 subjects presented
one or more criteria of weaning failure (mean time to
occurrence =14€6.8 min) and therefore underwent a fur-
ther trial with PS. Of these 31 patients, 21 (68%) then
succeeded in meeting all weaning criteria and were ex-
tubated (PS group). No difference in the reintubation rate
at 48 h was observed between the T-tube (11/87 patients
=13%) and PS (4/21=19%) groups (Fig. 1, Table 1). The
two groups were comparable in terms of age, severity
score (Igs2), duration of MV prior to the weaning test and
the use or failure of NIV post-extubation (Table 2). The
two groups were also comparable in terms of underlying
pathologies with the exception of decompensated COPD.
Among the 23 patients with COPD (steady state FEV1
=1.39€0.4 l), 11 could be extubated after a T-tube trial
alone and 8 after a further trial with PS (P=0.003), with
no difference in the extubation failure rate (3 and 2 sub-
jects respectively, P=0.9).

No difference in the mortality rate was observed be-
tween the T-tube group (5/87 patients) and PS (2/21).
This result and the outcome of patients who were rein-
tubated or still failed to meet the weaning criteria with the
two trials are shown in Table 3.

Of the 31 patients failing the T-tube trial, none pre-
sented signs of left ventricular failure, and most (29 pa-
tients =94%) presented only one criterion of extubation
failure. The values of these extubation failure criteria, and
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Fig. 1 Principal results of the
study

Table 1 Characteristics of patients enrolled

Parameter T-trial group
(87 patients)

PS group
(21 patients)

P value Group failing
weaning trials
completely
(10 patients)

Reintubation at 48 h, no. (%) 11 (13%) 4 (19%) 0.39
Death in intensive care after reintubation, no. 5 2 0.87
Use of NIV post-extubation, no. 5 2 0.52
Failure of NIV (reintubation), no. 1 1 0.43
Endotracheal tube diameter =7.5 mm, no. (%) 86 (99%) 20 (95%) 0.27 9
Endotracheal tube diameter =8 mm, no. (%) 1 2 1
Duration of MV before test, mean€SD (days) 9.1€6.7 8.1€4.4 0.88 8.9€3.3
Age, mean€SD (years) 57.4€13.2 59.4€10.9 0.71 60.4€9.6
SAPS II, mean€SD 38.03€12.3 38.3€6.3 0.73 37.5€4.7
Underlying pathology:
Septic shock, no. 9 2 0.89 0
Pancreatitis, no. 2 1 0.51 1
Pulmonary disease, no. 14 4 0.74 0
CNS pathologies (of traumatic or medical origin), no. 7 3 0.37 3
ARDS, no. 8 2 0.90 1
Multiple trauma, no. 10 2 0.80 0
Post-abdominal or post-thoracic surgery, no. 14 4 0.74 1
Metabolic or toxic coma, no. 7 2 0.79 0
Decompensated COPD, no. (%) 11 (13%) 8 (38%) 0.003 4

ARDS: adult respiratory distress syndrome; CNS: central nervous system; COPD: chronic obstructive pulmonary disease; MV: mechanical
ventilation; NIV: non-invasive ventilation; SAPS II: Simplified Acute Physiological Score II; SD: standard deviation
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their evolution during the trial with PS, are shown in
Table 2. During the trial with PS, the pressurization slope
and trigger setting were adjusted individually for each
patient, with values ranging from 0 to 0.2 s and from 0.3
to 0.5 l/min, respectively.

Discussion

Despite the data from randomized studies and from the
consensus conference of the Francophone Intensive Care
Society, the results of our study suggest that an appre-
ciable proportion of patients who appear to be unwean-
able on the basis of a T-tube trial can be extubated
without an increased extubation failure rate after a further
trial with PS. Our protocol nevertheless had several lim-
itations, probably the most important of these being the
absence of randomization. It cannot be excluded that a
patient failing to meet the weaning criteria after an initial
test with PS might succeed in meeting these after a further
T-tube trial initiated immediately afterwards. However,
such a procedure would be contrary to the recommenda-
tions of the consensus conference. A second potential
limitation is the diagnosis of failure in the T-tube trial,
with 94% of the patients presenting only one criterion of
failure, but again, this was based on consensual practices.
A third limitation is the absence of precise criteria for
reintubation, these being appraised by the physician re-
sponsible for the patient. Another limitation is the small
number of patients: it cannot be excluded that with a

larger number the difference in failure rates could have
become significant. The final limitation is the homoge-
neity of the diameters of the endotracheal tubes of small
caliber in our study. It cannot be excluded that had larger
caliber endotracheal tubes been used, the results might
have been different [13].

Published data [14, 15] suggested that T-tube trials
most closely approximated the work of extubated
breathing. In contrast, our results suggest a high rate of
false negatives for successful weaning with the T-tube
trial. These results are not explained by disparities in the
endotracheal tube diameter or by disparities in the extent
of obstruction related to different durations of MV. Our
results could suggest that PSs underestimate the work of
breathing following extubation. But Esteban’s random-
ized study [1] detected no difference for extubation fail-
ure between the two groups. This suggested that PS does
not unload the respiratory muscles sufficiently to make a
big difference in a larger cohort of patients.

The systematic individual adjustment of the trigger
setting and pressurization slope to each patient during the
trial with PS might possibly provide an explanation for our
results. This adjustment could have contributed to a better
patient-ventilator synchronization [16, 17, 18], which in
turn might have increased the number of patients meeting
the weaning criteria in the PS group. This could explain
the results obtained, particularly with regard to the patients
with a marked deterioration in the work of breathing
(those with COPD) [19]. Specific adjustment of these
parameters is not mentioned in the randomized trials.

Table 2 Evolution of patients failing the T-tube trial and criteria of weaning failure during the trial with PS

31 patients failing T-tube trial Evolution during trial with PS
(10 patients failing)

Patient presenting extreme agitation
and all criteria of failure

1 No improvement

Patient presenting more than one
criterion of failure

1 Improved and successfully extubated

Patients presenting only one criterion
of failure

29 8 patients failed to improve
(criteria of failure unchanged)
1 patient deteriorated (failing on HR
in T-tube trial and on HR + RF in trial
with PS)

RF >35/min 14 (RF =43.8€5.6/min) 6 (RF = 42.3€5.6/min)
Variation >20% BP 5 (124.8€13.7 to 168.2€17.8 mmHg) 1 (136 to 172 mmHg)
Variation >20% HR 8 (102.5€13.9 to 140.8€13.9/min) 1 (110 to 172/min)
SaO2<90% 2 (82€1.4%) 2 (81.5€2.12%)

RF = respiratory frequency; BP = systolic blood pressure; HR = heart rate

Table 3 Outcome of patients reintubated or still failed to meet weaning criteria with the two trials

Outcome 11 patients reintubated
in T-tube group

4 patients reintubated
in PS group

10 patients still failed
to meet weaning criteria

Death in intensive care, no. 5 2 3
Weaning with tracheotomy 1 1 3
Later successful weaning, no. 4 1 4
Mean€SD days after inclusion 5.7€2.1 4 7.9€4.1
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Conclusions

Our study, taking into account published data and con-
sensual criteria, evaluated the benefit of weaning patients
from MV using PS (with optimized patient-ventilator syn-
chronization) immediately following the failure of a T-tube

test. Our results show that 21 out of 118 patients (18%)
could be extubated earlier using this procedure, with no
increase in the rate of reintubation. This weaning protocol
could be applied in particular to the patients most difficult
to wean, notably those with COPD. A comparative, ran-
domized study design to confirm these results is needed.


