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Editorial Commentary

Weaning off mechanical ventilation: much less an art, but not yet 
a science
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The process of liberating patients from mechanical 
ventilation, commonly referred to as weaning, consists of 
different steps (1). 

The first step aims to ascertain, based on clinical 
evaluation and assessment of physiologic variables, patient’s 
readiness to undergo a spontaneous breathing trial (SBT) (1).

When the clinical and physiologic criteria are satisfied, 
the patient is considered ready for the second step, i.e., SBT 
execution. The manner in which the SBT is performed 
varies among studies and, likely, among centers in the daily 
routine practice, with respect to both trial duration and 
modality of application. Trial duration generally varies 
between 30 and 120 minutes (2). Regarding the modality of 
application, the SBT can be either completely unsupported 
or partially supported. In the former case, commonly 
referred to as T-tube trial (2), the patient is disconnected 
from the ventilator and allowed to breathe through a T-tube 
circuit, or maintained on the ventilator through the use of 
flow-by, setting pressure support (PS) and positive end-
expiratory pressure (PEEP) at 0 cmH2O. Partially supported 
SBTs involve the use of low levels of continuous positive 
airway pressure (CPAP) (3), or low to moderate amounts 
of inspiratory assistance, generally applied in PS mode 
(5–8 cmH2O), with (4,5) or without (6) associated PEEP. 
Less frequently, forms of automatic compensation for the 
nominal additional resistance caused by the endotracheal 

tube (ET) are used (7). 
Third step, when SBT is successful, also based on clinical 

evaluation and assessment of physiologic variables, and no 
further contraindications interfere, the patient is extubated. 
The time to define whether extubation is successful varies 
among studies from 24 hours and one week, the most 
common threshold being 48 or 72 hours (1). 

The weaning process has been classified as (I) simple, 
i.e., the patient passes SBT on the first attempt and is 
successfully extubated; (II) difficult, i.e., the patient requires 
up to three SBTs or as long as 7 days after the first SBT 
attempt to achieve successful extubation; (III) prolonged, 
i.e., the patient fails at least three SBT or requires more 
than 7 days after the first SBT attempt (1).

Since dissimilarities of the criteria adopted at each of 
these stages may remarkably influence the outcome of 
weaning (step 1 and 2) and extubation (step 2 and 3), it is 
worth considering a few issues. 

With respect to step 1, the criteria for readiness influence 
the time point at which SBT is attempted. First, the 
greater the number of variables considered, the lower the 
likelihood of a positive assessment. Second, accepting more 
liberal criteria (for instance, a maximum respiratory rate of 
30 breaths/min rather than 24 breaths/min) increases the 
probability of considering a patient ready for SBT. It should 
also be considered that adopting fixed criteria regardless of 
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the underlying disorder may generate discrepancies. For 
example, for a required oxygen saturation (SaO2) ≥92% 
with an inspiratory oxygen fraction (FiO2) ≤0.4, the chances 
of satisfying this criterion for patients with an underlying 
chronic respiratory failure are fewer than for patients not 
suffering of chronic respiratory disorders. If on the one 
hand fewer and more liberal criteria should intuitively 
increase the likelihood of earlier SBT attempt, leading, 
potentially, to anticipated extubation and reduced length 
of mechanical ventilation, on the other hand one might 
expect a greater rate of SBT success when more numerous 
variables considered and stricter criteria are adopted, as 
described in Figure 1.

Let’s jump to step 3. Extubation failure may, on the 
one hand, be consequent to the incapacity to maintain 
spontaneous unassisted breathing after removal of the 
endotracheal tube, which implies the SBT failed to 
detect patient’s incapacity to breathe on her/his own after 
extubation (false positive), predominantly consequent 
to an increase of the load imposed on the respiratory 
muscles, cardiac failure or glottic edema secondary to 
extubation. If immediate endotracheal intubation is not 
strictly indicated, a limited number of these patients may 
respond to noninvasive ventilation (NIV) (8). Indeed, these 
patients need (noninvasive) mechanical ventilation without 
necessarily requiring an artificial airway. When the risk of 
developing post-extubation is considered to be high, early 
prophylactic NIV has the potential to facilitate extubation 

success (8). High flow oxygen therapy (HFOT) through 
nasal cannula has been also shown effective in improving 
extubation outcome (9). On the other hand, extubation 
failure can be consequent to the inability to maintain 
the upper airway patent, or to failure to effectively clear 
secretions. Both these conditions are not detectable by SBT 
and require additional evaluations to be predicted. Indeed, 
these patients need an artificial airway without necessarily 
requiring mechanical ventilation.

Now, let’s move backward to step 2. Ideally, a diagnostic 
test should detect a given condition with 100% sensitivity 
and 100% specificity. Although SBT is a diagnostic test, 
its specificity cannot be ascertained, as it would be clearly 
unethical extubating patients failing the test (10). Anyhow, 
SBT should be strict enough to prevent false positives 
(patients failing extubation despite passing SBT), while not 
too conservative to avert the risk of erroneously considering 
the patient unable to breath spontaneously and unduly 
prolonging mechanical ventilation. In fact, both SBT 
failure and reintubation consequent to development post-
extubation respiratory failure constitute major clinical 
problem affecting patients’ outcome and increasing the 
economic burdens. Failure to discontinue mechanical 
ventilation is associated with increased morbidity and 
mortality, in particular for patients experiencing prolonged 
weaning (11). Extubation failure, reported to occur between 
15% and 18% of planned extubation, significantly increases 
the risk of death (12), irrespective of underlying disease and 
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Figure 1 Factors affecting the balance between risk of unduly delaying extubation and risk of extubation failure. 
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clinical conditions at the time of extubation (13).
With respect to trial duration, two studies did not detect 

significant difference between trials of 30 and 120 minutes 
with both unsupported (2) and partially supported (6) SBT. 
Worth mentioning, Esteban et al. found that, irrespective of 
trial duration, failure occurred within the first 20 minutes in 
the course of SBT (2). 

Much more controversy exists regarding the modality of 
trial application. To avert the risk of SBT failure and limit 
the possibility of unduly prolong mechanical ventilation, 
some clinicians prefer partially supported SBTs. The 
application of PEEP/CPAP is founded on the questionable 
aim of counterbalancing the loss of physiologic PEEP 
from intermittent vocal cords narrowing (10). In addition, 
in patients with dynamic hyperinflation, such as chronic 
obstructive pulmonary disease (COPD) patients, low 
PEEP/CPAP levels may promote SBT success by offsetting 
to some extent the threshold load caused by intrinsic PEEP 
secondary to dynamic hyperinflation (14). The inspiratory 
assistance aims to offset the additional resistive load caused 
by the ET (15), which varies, nonetheless, depending on ET 
size (16) and presence of concrete secretions within the ET 
lumen (17). However, after extubation the upper airways are 
naturally inflamed, leading to an increased resistance than 
expected; indeed, the work of breathing exerted during an 
unsupported SBT was shown to be closer to that observed 
after extubation with unsupported SBT, as opposed to 
partially supported SBT (18,19). 

These data rise up concern that some patients who 
tolerate a partially supported SBT may be unable to 
maintain unsupported spontaneous breathing after 
extubation, thereby increasing the risk of post-extubation 
respiratory and need for reintubation, potentially associated 
with life-threatening complications (10). Actually, a 
recent physiologic meta-analysis, including 16 studies 
that measured work of breathing and inspiratory efforts in 
239 patients, confirmed that during unsupported SBT the 
workload imposed on the respiratory muscles is greater than 
with partially supported SBT. However, work of breathing 
and inspiratory effort with the former resulted to more 
accurately reflect the physiologic conditions after extubation 
than with the latter (20). These results, though limited by 
the relatively small number of patients and by the high 
heterogeneity, challenge the notion that an unsupported 
SBT is a “stress” with a higher potential of failure. 

Contemporarily, however, another meta-analysis of  
31 studies, overall including 3,541 patients, has been 
published, which compared unsupported and partially 

supported SBTs with respect to SBT and extubation 
outcomes, and reintubation rate (7). While there were no 
differences in SBT outcome and rate of reintubation, the 
patients undertaking partially supported SBTs showed 
a significant 5% greater rate of successful extubation, as 
opposed to those undergoing unsupported STBs (7). In 
theory, we might consider a partially supported SBT to 
reduce the probability of delaying extubation and increase 
the risk of extubation failure, while, contrariwise, an 
unsupported SBT to augment and lessen the chance of 
extubation delay and failure, respectively (Figure 1).

These notions have been recently challenged by Subirà 
et al. who have published in JAMA the largest randomized 
controlled trial ever done to compare different SBTs. 
The authors hypothesize that a less demanding partially 
supported SBT, i.e., PS 8 cmH2O for 30 minutes, would be 
superior to an unsupported SBT lasting 120 minutes (21). 
The investigators enrolled 1,153 adult patients receiving 
invasive mechanical ventilation for more than 24 hours 
and meeting predefined criteria for undergoing first SBT 
attempt. The primary outcome was successful extubation, 
i.e., no need for invasive mechanical ventilation 72 hours 
after the first SBT. Secondary outcomes were rate of 
reintubation among patients extubated after the first SBT, 
intensive care unit (ICU) and hospital lengths of stay, and 
hospital and 90-day mortality, while ICU mortality was a 
post hoc outcome (21).

The low demanding strategy led to a significantly higher 
rate of SBT success (92.5% vs. 82.3%, and successful 
extubation (82.3% vs. 74%, 95% CI: 3.4–13%; P<0.001), 
The Kaplan-Meier curves, built on a 72-hour time scale, 
also show a significantly greater rate of successful extubation 
in the partially supported SBT group (hazard ratio, 1.54; 
95% CI: 1.19–1.97; P<0.001). Reintubation within 72 hours, 
and ICU and hospital length of stay were similar between 
the two groups. Hospital and 90-day mortalities were lower 
in the partially supported SBT group, while ICU mortality 
was no different (21). Read in a different way, compared to 
unsupported SBT, partially supported SBT increases the 
likelihood for a patient to get into the category of simple 
weaning. These results, coming from a large multicenter 
RCT, are clearly important, but not definitive, as also 
neatly outlined in an accompanying editorial by Girard and 
Burns (22), for the following reasons. 

First, as above mentioned, SBT outcome is influenced 
by number, type and thresholds of the criteria adopted for 
assessing readiness for SBT. An observational multicenter 
study including 2,714 intubated patients satisfying criteria 



Navalesi et al. Weaning: balancing extubation delay and failure

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(Suppl 8):S353 | http://dx.doi.org/10.21037/atm.2019.09.83

Page 4 of 5

for weaning readiness, found that 45% of patients failed 
at least one attempt, encompassing conditions of difficult 
(39%) and prolonged (6%) weaning (11). This is not a 
criticism for the readiness criteria chosen by the authors, 
nor a specific limit of this study only. Nevertheless, we 
should bear in mind that this represents a limitation for the 
generalizability of these findings. 

Second, the study considers only the first SBT attempt. 
In fact, “additional SBTs were not protocolized, and mode 
and duration were left to the discretion of attending teams” 
and similarly there were no specific indications for the 
patients who fail extubation. Therefore, these results cannot 
be extrapolated to patients experiencing more problematic 
weaning, i.e., difficult or prolonged. 

Third, prophylactic use of NIV and HFOT have been 
shown to improve the outcome of extubation in patients at 
high (8) and low risk of extubation failure, respectively (23). 
Noteworthy, in this trial the use of prophylactic NIV or 
HFOT after extubation was left to the attending physicians’ 
choice before randomization and resulted to be more 
commonly used after extubation in the low demanding 
SBT group, as opposed to unsupported SBT (25% vs. 
19%; P=0.01) (22), which offers two intriguing cues: (I) 
the physicians were more concerned of the outcome of 
extubation in the former group than in the latter; (II) 
routine use of these two techniques may substantially affect 
extubation outcome limiting the risk of developing post-
extubation respiratory failure (prophylactic use)in selected 
high risk patients, and, in a limited subgroup of patients 
experiencing post-extubation respiratory failure, averting 
the need for reintubation. Since the same working group 
involved in the present study showed in a previous RCT 
that HFOT, compared to standard oxygen, significantly 
reduces rates of post-extubation respiratory failure and 
reintubation, we wonder how extensive HFOT application 
could affect the results of the present trial. 

Fourth, based on the available information, the observed 
differences in hospital and 90-days mortalities between 
groups cannot be explained. In fact, the rate of reintubation, 
the strongest determinant of adverse outcome, is not 
different between the two groups, while data about overall 
duration of invasive mechanical ventilation, the second 
determinant of adverse outcome, are not provided by the 
authors, either in the main manuscript or in the online 
supplements. Nonetheless, the similar lengths of ICU and 
Hospital stay seem to suggest that the difference were likely 
not significant, if existing.

Judicious use of evidence should never exclude 

individualized behaviors for specific patients. RCTs are 
the unavoidable foundation for clinical evidence and the 
groundwork of population-based medicine. However, 
applying the average effects, measured as population means, 
to individual patients or subgroups departing from the 
population average does not necessarily lead to the right 
treatment for the right patient, masking the heterogeneity 
of effects, i.e., clear benefits for some, little benefits for 
many, and harm for a few (24). This holds particularly true 
when dealing with conditions that are not strictly related to 
a specific disease, as it is the case for weaning. 

In 1986, Prof Joseph Milic-Emili wrote a famous 
editorial well summarized by the title “Is weaning an art or 
a science?” (25). After more than three decades and many 
studies, we believe weaning today is much less an art, but 
not yet a science.
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