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Introduction

Intubation and mechanical ventilation are routine and
life-saving procedures. The percentage of patients re-
ceiving ventilatory support in the critical care setting var-
ies between 20% and 60% according to their clinical
characteristics [1±4]. Survival probability in patients
who receive mechanical ventilation depends on both the
severity of their underlying condition and the extent of
complications related to the ventilatory process [5±7].
Endotracheal intubation with mechanical ventilation
and the use of ventilatory circuits are the most important
risk factors associated with the development of nosoco-
mial pneumonia in hospitalized patients. The risk is in-
creased several fold for such patients [8±10], and some
authors have reported it to increase proportionally to
the duration of ventilatory support [11, 12]. Thus, in a
prospective study, the actuarial risk of pneumonia in-
creased by 1 ± 0.76 % with each day of mechanical venti-
lation, being 6.5 % at 10 days, 19% at 20 days and 28% at
30 days [11]. The cumulative incidence of pneumonia has
been reported as 8.5% on the first 3 days of ventilation,
21.1 % for day 7, 32.4 % for day 14, and 45.6 % for longer
than 14 days [12]. Accordingly, it is crucial to discontinue
ventilatory support and extubate at the earliest time that
a patient can sustain spontaneous ventilation safely.

For the majority of patients, especially those requir-
ing short-term respiratory support, mechanical ventila-

tion can be removed quickly and easily. However, dis-
continuation may be associated with considerable diffi-
culty in those recovering from major injuries or acute
respiratory failure. These patients account for signifi-
cant health care costs and pose a great challenge for cli-
nicians, especially as more than 40% of the time that a
patient receives mechanical ventilation is spent in wean-
ing [1]. Considering this proportion, it is surprising that
guidelines regarding the optimal approach to this pro-
cess are so few [13]. Fortunately, several randomized
studies carried out in recent years have yielded valuable
information in the development of guidelines [14±19].
All have shown that the duration of ventilation and
weaning can be reduced by the implementation of spe-
cific strategies (Table 1).

Failure to wean has been attributed to several mech-
anisms, including disturbances in intrapulmonary gas
exchange, cardiovascular dysfunction and psychological
dependence. The most common cause, however, is an
imbalance between the level of ventilation needed by
the patient and the ability of their respiratory system to
respond. A review of pathophysiological aspects of diffi-
cult weaning is beyond the scope of this article, where
we attempt principally to discuss the optimal clinical
management of weaning.

Predictive weaning indexes:
what is their role in the decision-making process?

Weaning procedures are usually instigated only after the
underlying disease process necessitating mechanical
ventilation has significantly improved or is resolved.
The patient should display adequate gas exchange
(PaO2 > 8 kPa with FIO2 < 0.50), appropriate neurologi-
cal and muscular status and stable cardiovascular func-
tion. Once these conditions have been fulfilled, deter-
mining the optimal time to discontinue mechanical ven-
tilation can be difficult. Some parameters based on re-

A. Esteban
I. Alía

Clinical management of weaning
from mechanical ventilation

Intensive Care Med (1998) 24: 999±1008
Ó Springer-Verlag 1998 REVIEW



spiratory mechanics, gas exchange and breathing pat-
tern have been proposed as useful predictors of weaning
outcome that could assist in the decision-making pro-
cess [20±26]. However, it has been demonstrated that a
subjective process of patient assessment, independent
of weaning indices, yields a satisfactory outcome with a
reintubation rate within 48 h as low as 3 % [27]. More-
over, some authors [23, 28] have questioned whether
strict adherence to weaning parameters may not even
prolong ventilatory support.

Most studies dealing with predictive indices of wean-
ing have defined success as the ability to sustain sponta-
neous breathing for 24±72 h after extubation [20±30].
Whereas the group of patients successfully weaned was
rather homogeneous in those studies, that of patients
who failed varied considerably from one study to anoth-
er. In some reported series [21, 24±26, 29±31], the wean-
ing failure group comprised patients who were not extu-
bated because they fulfilled objective criteria for the ter-
mination of a weaning trial, as well as those reintubated.
In other series [20, 23, 28, 32±36], the weaning failure
group only included reintubated patients.

It has been demonstrated recently [17, 37] that extu-
bation failure has a significant independent association
with increased risk of death. However, although there
is a potential risk of cardiorespiratory distress during
an appropriate weaning trial that becomes unsuccessful,
no deaths have been reported during unsuccessful
weaning trials in any of those studies previously refer-
enced. The utility of weaning criteria to predict the abil-
ity to sustain spontaneous breathing seems debatable,
given that the patient's performance of such a low-risk
procedure in itself will make clear his/her ability to
maintain spontaneous ventilation. By contrast, it would
be very helpful to have accurate predictors of extuba-
tion failure. Unfortunately, the accuracy of weaning pa-
rameters used to predict extubation is very poor. For
example, the ratio of respiratory frequency to tidal vol-
ume (f/VT) index to predict weaning failure is said to
be highly accurate in one study [24], but this has not
been confirmed by other investigators [32±37]. Thus,
95% of patients with a f/VT ratio higher than 100
breaths/min±1 per liter±1 in the first minute of sponta-
neous breathing failed their attempt [24]. However, a

prospective study of medical patients extubated after
successful weaning trials found that only 8 % of patients
with a f/VT ratio higher than 105 were reintubated with-
in 24 h [32]. Two recent prospective studies in which the
f/VT ratio was measured at the onset of a weaning trial
that resulted in extubation found that 40% and 28%,
respectively, of patients with an f/VT ratio higher than
100 required reintubation within 72 h [33, 34]. The
area under the ROC curve for f/VT ratio was initially re-
ported as 0.89 ± 0.05 [24], but a prospective study as-
sessing the predictive performance of some weaning cri-
teria has subsequently found a value of only 0.72 ± 0.08
[36].

In the light of these results, it seems that an elevated
f/VT ratio should not delay trials of weaning and extuba-
tion. We suggest that in patients in whom any acute re-
spiratory failure has resolved, who are awake and car-
diovascular stable but do not meet the weaning parame-
ters usually measured at the bedside (tidal volume, re-
spiratory rate, f/VT ratio, maximal inspiratory pressure),
there is little risk in performing a closely observed trial
of spontaneous breathing to assess their ability to sus-
tain spontaneous breathing.

Spontaneous breathing trials: technique and duration

Recently published data [14, 15, 17, 19] show that about
20% of mechanically ventilated patients that meet
weaning criteria have unsuccessful weaning trials, and
need reinstitution of ventilatory support. The remaining
patients can be safely extubated after a short period of
clinical observation during which the patient breathes
spontaneously.

A great part of the research on weaning has been fo-
cussed on the difficult patient, since this case constitutes
a major clinical challenge for both physicians and nurs-
es. However, from a clinical point of view, it is crucial
to have available a simple and reliable method to identi-
fy which patients can be safely extubated without a for-
mal trial of weaning. Fortunately, the results of several
randomized studies recently published [14±17, 19] have
been helpful in this regard.

Few randomized studies have evaluated the best
technique for performing spontaneous breathing trials
before extubation [17, 38]. The first dealing with this is-
sue compared 1 h of continuous positive airway pressure
(CPAP) and 1 h of T-piece breathing and showed no dif-
ference in the percentage of patients reintubated (5.5 %
in the CPAP group and 3.8 % in the T-piece group) [38].
The increase in the work of breathing caused by the
presence of an endotracheal tube may represent an ex-
cessive load for some patients breathing through a T-
tube circuit. However, it has been demonstrated by
some authors [39±42] that the work of breathing in these
circumstances is similar or even lower to that after extu-
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Table 1 Specific strategies useful in reducing the duration of both
mechanical ventilation and weaning

· Identifying, as soon as possible, which patients are capable
of breathing spontaneously by means of daily screening of
respiratory function followed by trials of spontaneous breathing.

· Avoiding the use of synchronized intermittent mandatory
ventilation (SIMV) in difficult to wean patients because this
method prolongs the time until extubation.

· Using protocols to wean patients instead of the traditional
practice based on the personal preferences of physicians.



bation. Pressure support ventilation is useful to counter-
act the extra work imposed by breathing via a ventilator
circuit and through the triggering system and endotra-
cheal tube. This task can be accomplished with a level
of pressure support of 7 cm of water, although the com-
pensatory level ranges from 3 to 15 cm of water [39, 40,
43, 44].

There are no studies demonstrating that the above
advantages make pressure support ventilation more ef-
ficacious than a single T-tube in spontaneous breathing
trials prior to extubation. The Spanish Lung Failure
Collaborative Group has recently reported the results
of a randomized study comparing weaning outcome af-
ter trials of spontaneous breathing performed using ei-
ther T-tube or pressure support of 7 cm of water [17].
The percentage of patients who remained extubated af-
ter 48 h was 63% in the T-tube group and 70% in the
pressure support group (p = 0.14). The above difference
was not statistically significant but some clinicians may
think that it is clinically relevant, since those results
mean an absolute benefit increase of 7 % (95 % confi-
dence interval, ±2 to 15) in the pressure support group,
and a relative benefit increase of 11 % (95 % confidence
interval, ±2 to 26). In other words, the number of pa-
tients needing pressure support to extubate successfully
one more patient than with T-tube is 14.

The duration of a spontaneous breathing trial has
been set at 2 h in several studies [14±17, 30], but those
who fail a trial show signs of intolerance at a much earli-
er time point [14, 15, 17, 45, 46]. The optimal duration is
unknown and it is possible that it can be reduced with-
out an increased risk of reintubation. The Spanish
Lung Failure Collaborative Group has recently report-
ed that a 30-min trial of spontaneous breathing is as ef-
fective as a 120-min trial in weaning patients from me-
chanical ventilation [19]. A total of 526 suitable patients
were randomly assigned to undergo a trial of sponta-
neous breathing lasting either up to 30 min or up to 2 h.
The percentage of patients who remained extubated
48 h afterwards was similar for the two groups (75.9 %
versus 73.0%, p = 0.45), as was the percentage needing
reintubation (13.5 % versus 13.4 %, p = 0.26).

How to reduce the duration of weaning in difficult
to wean patients

Around 20% of patients receiving mechanical ventila-
tion pose considerable difficulties in weaning. Recent
studies [14, 15] have identified some factors influencing
the length and difficulty of weaning, including advanced
age, prolonged duration of ventilatory support and
chronic obstructive pulmonary disease (COPD). Wean-
ing attempts that are unsuccessful usually indicate in-
complete resolution of the illness that precipitated the
need for mechanical ventilation or the development of

new problems. Every attempt should be made to identi-
fy the specific cause of ventilatory dependence, and all
correctable factors addressed. Meanwhile, a gradual
withdrawal from mechanical ventilation could be at-
tempted.

Much attention has been focussed in the literature on
the ventilatory methods used to wean patients from me-
chanical ventilation. However, most studies have dealt
with the functional characteristics of each method and
attempted to show their respective advantages and dis-
advantages. The most common methods of discontinu-
ing mechanical ventilation are synchronized intermit-
tent mandatory ventilation (SIMV), pressure support
ventilation and T-tube. The first randomized and pro-
spective data comparing those methods of weaning
were provided recently by two multicenter studies [14,
15]. We will first discuss some aspects of the techniques
of discontinuing ventilator support before focussing on
the results of these trials.

T-tube

Until the beginning of the seventies, the T-piece was the
only method of weaning in use. Since then this has been
rivalled by newer methods that have been incorporated
into clinical practice, such as SIMV and pressure sup-
port. However, T-tube weaning is still more frequently
used in some critical care units [1, 4] and represents the
only method with no additionally imposed work of
breathing in that neither ventilator valves nor circuits
are involved. The only factor which can still increase
the resistive work of breathing is the endotracheal
tube. The second advantage of the T-tube is that it al-
lows periods of rest when the patient is reconnected to
the ventilator between periods of spontaneous breath-
ing. Because mechanical ventilation allows inspiratory
muscles to atrophy [47], progressive ventilatory with-
drawal should be designed to restore muscle function
by brief periods of fatiguing stress followed by longer
periods of rest [48]. Furthermore, a period of rest is
also needed to resolve the fatigue of the respiratory
muscles. A recent study assessing the rate of recovery
from diaphragmatic fatigue in healthy subjects submit-
ted to a fatigue protocol, showed that the induction of
diaphragmatic fatigue produced a significant reduction
in the transdiaphragmatic pressure that persisted for at
least 24 h [49]. It, therefore, seems that more than 24 h
is required for recovery from fatigue.

Patients with intrinsic positive end-expiratory pres-
sure (PEEPI) may benefit more from CPAP than from
a T-tube when trials of spontaneous breathing are per-
formed. The presence of PEEPI in a spontaneously
breathing patient implies that the inspiratory muscles
must generate sufficient force to overcome the opposing
positive recoil pressure before inspiratory airflow can
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begin. In this respect, PEEPI acts as an inspiratory
threshold load and increases the work of breathing. It
has been demonstrated in patients with COPD during
weaning that CPAP reduces the inspiratory mechanical
load and, thus, decreases the inspiratory work of breath-
ing and sensation of breathlessness [50].

Synchronized intermittent mandatory ventilation

Since its introduction in the 1970 s, SIMV has been com-
monly used as an adjunct to weaning [51] although there
is no evidence of its superiority over either the T-piece
method or pressure support ventilation [14, 15, 52, 53].
Several advantages have been claimed for IMV as a
weaning technique: it is supposed to prevent a patient
from ªfightingº the ventilator, to reduce respiratory-
muscle fatigue and decrease both the need for sedation
and muscle paralysis and the likelihood of respiratory
alkalemia [54±56]. On the other hand, a high level of ef-
fort is required from the patient to open the demand
valve and to breathe through the ventilator circuit,
which may cause a twofold or more increase in the
work of breathing and oxygen consumption [57]. Recent
evidence indicates that respiratory-sensor output does
not adjust to breath-to-breath changes in respiratory
load [58], and IMV may therefore contribute to the de-
velopment of respiratory muscle fatigue or prevent re-
covery from it.

More than 10 years ago, modes of mechanical venti-
lation and methods of weaning were investigated by
questionnaire [51]. IMV was the most common mode
employed by 90.2 % of responders. Although the results
of the two recent randomized trials of weaning [14, 15]
suggest that SIMV is less effective than T-piece or pres-
sure support in terms of weaning duration and probabil-
ity of successful weaning, the former is still commonly
used as a weaning technique [4].

Pressure support ventilation

This ventilatory method allows patients to retain nearly
complete control over respiratory rate and timing, in-
spiratory flow rate and tidal volume. Although some au-
thors have reported that patients breath more slowly
and comfortably with pressure support than with IMV
[59, 60], others have found that dyspnea and anxiety
are not significantly different when comparing similar
levels of partial support provided by either mode [61].
Increasing levels of pressure support induce a decrease
in transdiaphragmatic pressure and the diaphragmatic
pressure-time index, while tidal volume increases and
the respiratory rate decreases [62±65]. In addition, dur-
ing weaning from mechanical ventilation, a gradual in-
crease in the level of pressure support leads to both a

progressive reduction in the work of breathing and a de-
crease in oxygen consumption of the respiratory mus-
cles [62, 64].

Determining the optimal level of pressure support
has been studied in several ways by different authors:
the level that results in the slowest respiratory frequen-
cy [66], the pressure that maintains diaphragmatic activ-
ity without signs of muscle fatigue (reduction in the
high/low ratio of the diaphragmatic electromyographic
power spectrum) [62], the level that minimizes swings
in transdiaphragmatic pressure [66], the level sufficient
to maintain P0.1 below 3.5 cm H2O [67], and the level
that maintains an inspiratory pressure-time product
(PTP) lower than 125 cm H2O × sec/min [68]. All these
investigations titrated the level of pressure support by
means of measurements not used routinely in clinical
practice. However, their results suggest that the optimal
initial level of pressure support is that which provides a
respiratory rate of 20±30 breaths/min, and is around
15±20 cm H2O.

Patients with acute exacerbations of COPD who are
ventilated with pressure support may benefit from the
application of PEEP, provided that the level is kept be-
low PEEPI. It has been demonstrated that the use of
PEEP between 80 and 90% of PEEPIdyn during pressure
support significantly reduces the magnitude of the pa-
tient's inspiratory effort without worsening pulmonary
hyperinflation [69], and decreases both the number of
ineffective respiratory efforts and the metabolic work
of the diaphragm in COPD patients [70].

Pressure support ventilation presents several attrac-
tive features as a weaning technique over the T-piece,
but it is not as simple to apply as T-tube. Many different
aspects of pressure support ventilation influence its effi-
cacy in reducing the patient's work of breathing. A pro-
spective, self-controlled clinical study compared the ef-
fects of pressure support ventilation delivered at the
same level by three different ventilators on the patient's
work of breathing, and found that several factors may
influence the efficacy of pressure support including de-
mand-valve sensitivity, expiratory flow resistance and
inspiratory flow rate [71]. The importance of a high
peak flow setting when pressure support ventilation is
used has also been shown in a prospective study of
COPD patients ventilated with pressure support, in
which the time to reach the set plateau pressure was ma-
nipulated with the aim of modulating the initial flow
rate: the more rapidly the pressure plateau was
achieved, the higher was the initial flow rate [72].
Lengthening the pressure rise time almost invariably in-
creased the patient's work of breathing as well as sever-
al other indexes of patient's effort, whereas the breath-
ing pattern was essentially not modified. As the objec-
tive of pressure support is to reduce the work of breath-
ing, this study highlights the importance of using the
highest initial flow rate, when patients are ventilated
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with pressure support, to induce the lowest possible
work of breathing.

Methods of weaning: comparative studies

The efficacy of pressure support to wean patients from
mechanical ventilation has been evaluated in two recent
randomized clinical trials [14, 15]. Seemingly, conflicting
results have been reported. Brochard et al. [14] prospec-
tively evaluated 109 mechanically ventilated patients
meeting weaning criteria who could not sustain a 2-h tri-
al of spontaneous breathing. They were randomly as-
signed to be weaned with T-piece, SIMV or pressure
support ventilation. Multivariate analysis performed to
search for factors explaining weaning duration showed
etiology of the disease to be significant (p = 0.01, with
COPD patients being the most difficult to separate
from the ventilator) followed by mode of weaning em-
ployed (p = 0.03). The main finding reported by the au-
thors was that the probability of remaining on mechani-
cal ventilation over time was significantly lower with
pressure support ventilation than with the other two
modalities (Fig.1). Although the study compared three
methods of weaning, the authors only showed in their
paper the results of the comparison of two groups of pa-
tients: the group of patients weaned with pressure sup-
port and the group of patients weaned with T-piece or
SIMV pooled together. This fact suggest that differenc-
es did not exist when patients weaned with pressure sup-
port and patients weaned with T-tube were compared.

Esteban et al. [15] also studied a population of me-
chanically ventilated patients considered ready for
weaning according to standard weaning criteria, but
who failed a 2-h trial of spontaneous breathing. Patients
were randomly assigned to be weaned using IMV, pres-
sure support ventilation, intermittent trials of sponta-
neous breathing with T-tube, or a once-daily trial of
spontaneous breathing with T-tube (Fig.2). Multivariate
analysis revealed four factors that predicted the time re-
quired for successful weaning, the weaning technique
being one. The adjusted time for successful weaning
was shorter with a once-daily trial of spontaneous
breathing than with SIMV (rate ratio 2.83; 95% confi-
dence interval, 1.36±5.89, p < 0.006) or pressure support
ventilation (rate ratio 2.05; 95% confidence interval,
1.04±4.04, p < 0.04). The superiority of the once-daily
trial of spontaneous breathing over SIMV and pressure
support might be due to the prolonged period of rest
since, as mentioned elsewhere, the rate of recovery
from diaphragmatic fatigue may be as long as 24 h [51].

Both studies yielded two important common conclu-
sions: firstly, the strategy of weaning influences the du-
ration of mechanical ventilation, and secondly that
SIMV is the least efficient method of weaning. With re-
gard to other weaning methods, the T-tube used in inter-

mittent trials of spontaneous breathing was not superior
to pressure support in the study by Esteban et al. [15],
whereas it is not clear whether pressure support was or
was not superior to the T-tube in the study by Brochard
et al. [14]. Nevertheless, a trend toward higher probabil-
ity of successful weaning with intermittent trials of spon-
taneous breathing with T-tube was observed by Este-
ban, and a trend toward lower probability of remaining
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Fig.1 Probability of remaining on mechanical ventilation in pa-
tients with prolonged difficulties in tolerating spontaneous breath-
ing. From [14] with permission

Fig.2 Kaplan-Meier curves for the probability of successful wean-
ing. From [15] with permission



on mechanical ventilation with pressure support was ob-
served by Brochard. These conflicting results may be
explained, at least in part, by trial design since the pro-
gress for weaning and the criteria for extubation varied.

Reducing weaning duration by the implementation
of a weaning protocol

Physicians have largely practised weaning as they
wished and based the decision to discontinue mechani-
cal ventilation on ªjudgement and experienceº. Three
recent studies have shown that the implementation of a
weaning protocol decreases the duration of mechanical
ventilation [16, 18, 73]. A group of 51 patients weaned
according to the Weaning Protocol of the Spanish Soci-
ety of Intensive Care Medicine with a historical control
group composed of 50 patients weaned in the same
ICU in the 13-month period before the implementation
of the weaning protocol, showed the percentage of pa-
tients extubated after a trial of spontaneous breathing
was 80% in the protocol group and 10% in the control
group, the remaining patients being extubated with a
weaning technique [73]. Whereas the duration of wean-
ing in patients in whom a weaning technique was used
was similar in both groups (3.5 ± 3.9 days in the protocol
group and 3.6 ± 2.2 days in the control group), the total
duration of mechanical ventilation was significantly
shorter in protocol patients (10.4 ± 11.6 days versus
14.4 ± 10.3 days, p < 0.05). The major reason for the re-
duction of mechanical ventilation time was thought to
be the greater number of patients extubated without
any weaning technique in the protocol group. It is likely
that, when a weaning protocol does not exist, physicians
adopt a conservative weaning approach by reducing
ventilatory support gradually. Such a process of gradual
decrease of ventilatory support may prolong the dura-
tion of mechanical ventilation because physicians do
not immediately recognize that the patient is able to
breathe spontaneously.

A second randomized and controlled trial to assess
the efficacy and efficiency of using protocols to wean
patients from mechanical ventilation involved 357 pa-
tients randomly assigned at admission to receive proto-
col-directed weaning implemented by nurses and respi-
ratory therapists or physician-directed weaning [18].
The probability of success was significantly higher for
the protocol-directed patients. Multivariate analysis
identified five factors that independently predicted the
duration of mechanical ventilation before successful
weaning, one of them being the use of a weaning proto-
col (adjusted rate of successful weaning: 1.15, 95 % con-
fidence interval, 1.15±1.50, p = 0.04). The consequences
of implementing the weaning protocol were both in ini-
tiating the weaning process earlier and shortening its
duration. Unfortunately, respiratory therapists and

nurses administering patient care could not be blinded
to the randomization process, introducing a possible
source of bias, although if present, this would indicate
that weaning duration can be safely reduced if people
caring for ventilated patients focus their attention on
that task.

The effect of weaning protocols on the reduction of
ventilatory support duration was also demonstrated in
the only weaning study in which all decisions about the
weaning approach and discontinuation of mechanical
ventilation were made by the patient's attending physi-
cians [16]. Daily screening of the patient and trials of
spontaneous breathing were made by the respiratory
therapist and nurse caring for the patient. The authors
conducted a randomized and controlled trial in ventilat-
ed patients who underwent daily screening of their re-
spiratory functions to determine whether they could
breathe without assistance. In those in the intervention
group who met the screened weaning criteria, a 2-h trial
of spontaneous breathing was performed and physicians
notified when their patients successfully completed such
a trial. Patients in the control group were also screened
daily, but did not undergo trials of spontaneous breath-
ing. The percentage who had successful screening tests
and the time elapsed from the initiation of mechanical
ventilation until successful weaning were not different
between the two studied groups. The median duration
of mechanical ventilation was 4.5 days (25th and 75th
centiles, 2±9 days) in the intervention group and 6 days
(25th and 75th centiles, 3±11 days) in the control group
(p = 0.003). Forty-eight hours after patients had success-
ful screening tests, 57% of the controls had been suc-
cessfully removed from mechanical ventilation, com-
pared with 23% of those in the intervention group. The
weaning approach in the intervention group yielded an
absolute increase of 34% in the probability of successful
extubation; thus, the number of patients who need to be
weaned with that protocol to extubate successfully one
more patient than without using a weaning protocol is
three (95 % confidence interval, 2±5).

Reintubation

The incidence of reintubation after discontinuation of
mechanical ventilation ranges from 3 % to 19 % [14±20,
23, 25±29, 32±34, 36, 74]. The outcome for these patients
has recently been examined by different authors [17,
37]. A common finding is that extubation failure has a
significant independent association with increased mor-
tality. In a cohort of 289 medical patients of whom
15% required reintubation within 72 h±7 days of extu-
bation, in-hospital mortality was significantly higher
when compared with successfully extubated patients
(43 % versus 12%; p < 0.0001) [37]. Multivariate analy-
sis showed that patients who failed extubation were ap-
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proximately 7 times more likely to die in hospital com-
pared with those successfully extubated (adjusted odds
ratio, 7.3; 95 % confidence interval, 4.6±11.7, p <
0.0001). We have also reported that reintubation is inde-
pendently associated with an increased risk of mortality
(adjusted rate ratio 11.16; 95% confidence interval
4.64±26.85, p < 0.001) [17]. The question that arises
from these findings is whether the act of reintubation it-
self is the reason for the increased mortality, or the poor
outcome of reintubated patients is related to the clinical
event that motivated the initial need for mechanical
ventilation. This explanation seems to be supported by
the finding that patients reintubated because of respira-
tory failure had a mortality of 30%, whereas mortality
was only 7 % in the group reintubated because of upper
airway obstruction [17].

It seems reasonable that the need for reintubation is
explained, at least in part, by the appearance of a new
clinical event between the time of extubation and even-
tual reintubation. To this effect, the development of re-
spiratory infections [75] or cardiac failure [76] should
be taken into account.

It would be of great interest to be able to identify
which patients will need reintubation since instituting
alternative care practices could potentially reduce mor-
tality. Unfortunately, this is not an easy task. In the

study by Esteban et al. [17], reintubated patients were
compared with those successfully extubated in terms of
age, SAPS II score on admission to the ICU, days on
mechanical ventilation prior to extubation, PaO2/FIO2
ratio, respiratory frequency, tidal volume, f/VT ratio
and maximal inspiratory pressure, and the only differ-
ence was that reintubated patients were significantly
older than successfully extubated patients. The clinical
course of patients over the spontaneous breathing trial
performed before extubation was also compared, but
there were no differences in the respiratory rate, heart
rate, systolic arterial pressure or oxygen saturation
among patients successfully extubated and patients re-
intubated.

A reintubation rate reduction therefore seems to be a
desirable goal in the ICU environment, but the question
remains as to how this can be achieved. The quality
standard in that case would be ªthe adequate reintuba-
tion rateº and nobody knows what it is. A very low rate
of reintubation could be possible at the expense of pro-
longed duration of intubation but, on the other hand, it
could also increase the probability of complications as-
sociated with the presence of the endotracheal tube,
such as nosocomial pneumonia.

Looking for the optimal weaning approach

Over the last decade few areas in critical care have been
evaluated as extensively by well designed studies as the
discontinuation of mechanical ventilation. At present,
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The method of grading levels of evidence and recommendations is
shown in Table 2



every step in the process of weaning is supported by the
results of several randomized clinical trials [14±19] and
therefore it seems that weaning is finally becoming less
an art [77] and more of a science. The algorithm pre-
sented in Fig. 3 applies the findings of the randomized
trials on weaning to clinical decision-making. The rec-
ommendations based on the evidence have been graded
according to a published system [78] (Table 2).

The daily screening of patients on mechanical venti-
lation with the aim of identifying those able to breathe
spontaneously is, possibly, the best approach to reduce
the duration of ventilatory support. Standard weaning
criteria were used in all the aforementioned studies to
identify patients able to resume spontaneous breathing,

and patients who did not meet such criteria remained
on mechanical ventilation. The fact that some weaning
criteria have a predictive negative value not higher
than 50 or 60%, means that a great percentage of pa-
tients not fulfilling weaning criteria can be successfully
removed from mechanical ventilation. It is our conten-
tion that, in patients who have clinically improved and
are stable, the presence of poor weaning criteria are
not contraindications to performing spontaneous
breathing trials. The trial of spontaneous breathing is
safely performed with either T-tube or pressure support
of 7 cm of water. A duration of 2 h has been extensively
evaluated, however 30 min is probably as efficacious.

Extubation of the ventilated patients as soon as re-
covery and ability to breathe spontaneously are objec-
tively documented should be encouraged, since there is
sufficient data supporting the fact that 60%±80% of
ventilated patients can be successfully extubated after
passing a brief trial of spontaneous breathing. Patients
who fail the initial spontaneous breathing trial need a
gradual withdrawal of ventilatory support. The strategy
of weaning influences the duration of mechanical venti-
lation. It is known that SIMV is the most ineffective
method of weaning those patients. Until there is suffi-
cient evidence that pressure support ventilation is truly
superior to the T-tube used in intermittent trials of spon-
taneous breathing, clinicians should use the method
they feel most comfortable with and individualize the
strategy to meet the patient's needs.

We recommend the use of a once-daily trial of spon-
taneous breathing in difficult to wean patients for three
main reasons: first, it leads to extubation twice as quick-
ly as pressure support ventilation; second, it simplifies
management since the patient's ability to breathe spon-
taneously without ventilatory support needs to be as-
sessed only once a day and, third, it allows a prolonged
period of rest that may be the most effective method to
permit adequate time for muscle recovery.
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Table 2 Method of grading levels of evidence and recommenda-
tions. From [78] with permission

Levels of evidence
Level I studies Randomized trials with low false-positive

and low false-negative errors
Level II studies Randomized trials with high false-positive

and high false-negative errors
Level III studies Non-randomized, concurrent cohort

comparisons
Level IV studies Non-randomized historical cohort comparisons
Level V studies Case series without controls

Recommendations
Grade A Supported by L 1 level I studies or by a meta-

analysis in which the lower limit of the confi-
dence interval for the effect of treatment ex-
ceeds the minimal clinically significant benefit.

Grade B Supported by either L 1 level II studies or by
a meta-analysis in which the estimate of treat-
ment effect exceeds the minimal clinically
significant benefit but the lower limit of the
confidence interval does not.

Grade C Supported by data other than prospective
controlled trials, including secondary analyses
of level I or II studies.
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