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Withdrawing invasive mechanical ventilation from patients
who require ventilatory support is one of the best studied areas
in intensive care medicine. A series of studies dating back 25
years has shown that most patients need to be liberated, rather

than gradually withdrawn
(weaned), from mechanical
ventilation.1 The time point for

liberation is identified by use of a spontaneous breathing trial,
whereby after having shown clinical improvement in the ini-
tial reason for ventilation and satisfying several safety criteria,
patients are provided with minimal or no ventilatory assis-
tance and their ability to tolerate and maintain spontaneous
breathing is assessed. Using this approach, 55% to 75% of pa-
tients have successful extubation within 24 hours of their first
successful spontaneous breathing trial and are deemed “easy
to wean,” patients who require up to 1 additional week of ven-
tilatory support are “difficult to wean,” and those needing more
than 1 additional week require “prolonged weaning.”2,3

Noninvasive ventilation delivers positive-pressure venti-
lation through a tight-fitting mask rather than an endotracheal
tube and has been the subject of numerous weaning studies.4

These data are most robust in the setting in which a patient
has had a successful spontaneous breathing trial and is ready
for extubation but has an increased risk of subsequent extuba-
tion failure. When noninvasive ventilation is applied immedi-
ately after extubation in this setting (as opposed to waiting
for development of respiratory distress), 5 small single-center
randomized trials have demonstrated reductions in rates of
extubation failure, intensive care unit length of stay, and short-
term mortality, and noninvasive ventilation has received a strong
recommendation for this use in recent guidelines.5

In this issue of JAMA, Perkins and colleagues examined the
utility of noninvasive ventilation in difficult-to-wean pa-
tients using noninvasive ventilation after patients had expe-
rienced failure of their first spontaneous breathing trial.6 The
authors compared early extubation using protocolized non-
invasive weaning with protocolized weaning with invasive ven-
tilation. In other words, patients randomized to the noninva-
sive ventilation group underwent extubation despite failure
of their spontaneous breathing trial and were then treated with
noninvasive ventilation. The underlying concept being tested
was whether patients who were deemed unfit to breathe un-
assisted could nonetheless safely breathe without an endo-
tracheal tube and ideally incur a shorter overall period of ven-
tilatory support by either invasive or noninvasive means.

The study population included 364 patients, primarily with
acute respiratory failure, who were enrolled in 41 intensive care
units across the United Kingdom over a period of 3.5 years.
The primary outcome, time from randomization to liberation
from both forms of ventilation, was not significantly differ-
ent between the 2 groups at 4.3 days in the noninvasive group
compared with 4.5 days in the invasive mechanical ventila-
tion group (adjusted hazard ratio, 1.1; 95% CI, 0.89-1.40). Pa-
tients in the noninvasive group did receive less invasive ven-
tilation (median, 1 day vs 4 days; incidence rate ratio, 0.6; 95%
CI, 0.47-0.87). In this way, the authors demonstrated that pa-
tients who failed a spontaneous breathing trial could be extu-
bated to noninvasive ventilation, thereby shortening the pe-
riod of invasive ventilation, but this change in mode of
ventilatory support did not appear to change overall duration
of ventilation of any form. Furthermore, there were no differ-
ences between groups across a series of prespecified second-
ary outcomes and important subgroup analyses, including rates
of reintubation, tracheostomy, mortality at 30 and 180 days,
and long-term health-related quality of life. In post hoc analy-
ses, patients in the noninvasive ventilation group had fewer
days with sedation (4.1 vs 5.5 days) and a shorter length of in-
tensive care unit stay (10.8 vs 12.2 days).

An important strength of this study was that it challenged
a long-held yet untested dogma of critical care: a patient in whom
a spontaneous breathing trial fails must remain intubated. To ex-
ecute this experiment, the authors implemented rigorous, well-
designed protocols both for the intervention and the control
groups. Procedures were carefully thought through regarding
enrollment and how to ensure high-quality care in the control
group. The control group followed a very intensive protocol of
care including clinician assessment for patient fatigue or distress
every 2 hours; if these were absent, a decrease in the amount of
ventilatory assistance was recommended. If distress or fatigue
was present, patients would undergo appropriate workup. This
was to be continued for the entire study duration until patients
underwent extubation or tracheostomy. This approach ensured
adherence to traditional best practices for weaning from inva-
sive ventilation and thus ensured that the intervention group was
compared with very high-quality usual care.

In any randomized clinical trial, the selection of the com-
parator group is equally important as the choice of interven-
tion. Much debate has surrounded the selection of proto-
colizedcareinacontrolgroup,particularlywhentheintervention
and control groups use the same treatment, differing only in their
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intensity7; however, this was not the case in this trial. Explana-
tory trials attempt to establish biological effectiveness by ex-
ecuting the trial under ideal settings, whereas pragmatic trials
attempt to examine the intervention in actual clinical (ie, “real-
world”) settings, with the eventual goal to assist with decision
making and influence clinical outcomes. The choice of control
group, however, is just one of several different aspects that de-
termine a given trial’s place on the explanatory-to-pragmatic
continuum.8 Other important aspects include the restrictive-
ness of the inclusion and exclusion criteria, the setting in which
the trial is conducted, and the degree to which protocol adher-
ence is monitored and optimized.

Could the absence of benefit in this trial be secondary to
the rigorously protocolized control group intervention, which
might have been better than typical usual care? As Perkins et al
explain in their article, after slower than anticipated recruit-
ment, the funder reviewed the study recruitment and noted
that the median duration of ventilation in the protocolized con-
trol group was 2.9 days, much shorter than the originally pro-
jected 6.4 days. The sample size was then reduced because
without changing their definition of the minimal absolute im-
portant difference of 1 day of ventilation, this led to a more than
doubling in the expected relative risk reduction to be pro-
vided by the intervention. This shorter than projected dura-
tion of weaning might be due to patient selection, but it might
also suggest that the rigor and effectiveness of the control group
may have obscured the experimental effect that might have
fared better compared with usual care. However, it is un-
known whether this occurred, as protocol adherence was not
reported and presumably not recorded. Nonetheless, even if
this were the case, it would most likely be easier in most cases
for clinical teams to work toward moving their practice to-
ward the protocolized control group.

Generalizability of the study also remains in question, as
the study flow diagram does not list the number of patients
who were presumably excluded on the basis of 1 or more ex-
clusion criteria. More important, this and other trials of pro-
tocolized ventilation often are limited by lack of detailed de-
scriptions of eligible nonincluded patients. The authors report
that 44% of patients (n=160) were recruited from 3 hospitals,
leaving 204 patients recruited from 38 hospitals over the 3.5
years of the trial. This represents a rate of enrollment of 1.3 pa-
tients per center per month in the 3 highest enrolling centers,
whereas the remaining hospitals recruited an average of 1.5 pa-
tients per year. In contrast, in an observational study, Bédu-
neau et al3 enrolled 508 patients with difficult or prolonged
weaning over 12 weeks in 36 intensive care units (1.2 patients
per center per week).

Therefore, it appears that only a small proportion of all eli-
gible patients were randomized in this trial, particularly out-
side the 3 highest enrolling centers. Nonenrollment of eli-

gible patients can occur for numerous reasons including refusal
of consent, lack of a substitute decision maker, or unavail-
able research personnel.9 Another important contribution to
nonenrollment is physician refusal. The decision to extubate
difficult-to-wean patients is challenging for an intensive care
unit clinician, who is loath to continue ventilation any longer
than necessary, yet also anticipates regret if a patient who fails
to thrive following extubation must undergo reintubation. Con-
sequently, clinicians may harbor strong instincts about which
patients can undergo extubation when and may be reluctant
to cede control to a randomized trial. Physician refusal has
had an important effect on recruitment in prior ventilation trials
and may also have been an important factor here.10 If so,
perhaps some of the patients in whom the question is most per-
tinent were not included.

In addition, although some information was provided
about the intervention—for instance, almost all patients
promptly underwent extubation and presumably received non-
invasive ventilation—the absence of details surrounding the
physiological data, noninvasive ventilation timing and dose,
and management characteristics of the noninvasive group
prevents a clear understanding about the reasons for the
absence of difference in time to liberation. Was this failure at-
tributable to larger tidal volumes in the noninvasive group?11

Did these patients have more nutritional interruption? Or were
there subsets of patients who benefited (less sedation, more
mobilization, more spontaneous breathing) balanced against
those who did not, resulting in heterogeneity of treatment
effect?12 In other words, the possibility remains that noninva-
sive ventilation may have been delivered less well than the in-
vasive ventilation was delivered in the control group.

This important trial by Perkins et al attempts to address
a challenge all critical care physicians encounter, reducing du-
ration of ventilation for patients who are difficult to wean.
Following this study, clinicians might reasonably conclude that,
for patients in whom a spontaneous breathing trial fails, ven-
tilation is still required, although not necessarily via endotra-
cheal intubation. However, extubation of such patients fol-
lowed by immediate noninvasive ventilation did not shorten
the overall duration of any form of ventilation. The authors
have challenged a dogma of critical care: to continue to treat
a patient in whom a spontaneous breathing trial fails with in-
vasive ventilation. They failed to show that the alternative was
superior, but they have opened the door on the possibility that
such patients could be extubated. Nonetheless, there are trade-
offs with either form of ventilation, and more information is
required on the fidelity of noninvasive ventilation provision
and potential heterogeneity of treatment effect among the
many different types of patients in whom spontaneous breath-
ing trials fail before it is possible to confidently recommend
any major shift in practice.
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Effect of Protocolized Weaning With Early Extubation
to Noninvasive Ventilation vs Invasive Weaning
on Time to Liberation From Mechanical Ventilation
Among Patients With Respiratory Failure
The Breathe Randomized Clinical Trial
Gavin D. Perkins, MD; Dipesh Mistry, PhD; Simon Gates, PhD; Fang Gao, MD; Catherine Snelson, MB; Nicholas Hart, PhD;
Luigi Camporota, PhD; James Varley, MB; Coralie Carle, MB; Elankumaran Paramasivam, MB; Beverley Hoddell;
Daniel F. McAuley, MD; Timothy S. Walsh, MD; Bronagh Blackwood, PhD; Louise Rose, PhD; Sarah E. Lamb, DPhil;
Stavros Petrou, PhD; Duncan Young, DM; Ranjit Lall, PhD; for the Breathe Collaborators

IMPORTANCE In adults in whom weaning from invasive mechanical ventilation is difficult,
noninvasive ventilation may facilitate early liberation, but there is uncertainty about its
effectiveness in a general intensive care patient population.

OBJECTIVE To investigate among patients with difficulty weaning the effects of protocolized
weaning with early extubation to noninvasive ventilation on time to liberation from
ventilation compared with protocolized invasive weaning.

DESIGN, SETTING, AND PARTICIPANTS Randomized, allocation-concealed, open-label,
multicenter clinical trial enrolling patients between March 2013 and October 2016 from 41
intensive care units in the UK National Health Service. Follow-up continued until April 2017.
Adults who received invasive mechanical ventilation for more than 48 hours and in whom
a spontaneous breathing trial failed were enrolled.

INTERVENTIONS Patients were randomized to receive either protocolized weaning via early
extubation to noninvasive ventilation (n = 182) or protocolized standard weaning (continued
invasive ventilation until successful spontaneous breathing trial, followed by extubation)
(n = 182).

MAIN OUTCOMES AND MEASURES Primary outcome was time from randomization to successful
liberation from all forms of mechanical ventilation among survivors, measured in days, with the
minimal clinically important difference defined as 1 day. Secondary outcomes were duration of
invasive and total ventilation (days), reintubation or tracheostomy rates, and survival.

RESULTS Among 364 randomized patients (mean age, 63.1 [SD, 14.8] years; 50.5% male), 319
were evaluable for the primary effectiveness outcome (41 died before liberation, 2 withdrew,
and 2 were discharged with ongoing ventilation). The median time to liberation was 4.3 days
in the noninvasive group vs 4.5 days in the invasive group (adjusted hazard ratio, 1.1; 95% CI,
0.89-1.40). Competing risk analysis accounting for deaths had a similar result (adjusted hazard
ratio, 1.1; 95% CI, 0.86-1.34). The noninvasive group received less invasive ventilation (median,
1 day vs 4 days; incidence rate ratio, 0.6; 95% CI, 0.47-0.87) and fewer total ventilator days
(median, 3 days vs 4 days; incidence rate ratio, 0.8; 95% CI, 0.62-1.0). There was no significant
difference in reintubation, tracheostomy rates, or survival. Adverse events occurred in 45
patients (24.7%) in the noninvasive group compared with 47 (25.8%) in the invasive group.

CONCLUSIONS AND RELEVANCE Among patients requiring mechanical ventilation in whom
a spontaneous breathing trial had failed, early extubation to noninvasive ventilation did not
shorten time to liberation from any ventilation.
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I nvasive mechanical ventilation is a lifesaving interven-
tion. However, prolonged ventilation is associated with in-
creased morbidity and mortality.1,2 Optimal processes for

weaning from ventilation have been studied for many years
and have led to evidence-based clinical practice guidelines to
facilitate early liberation from invasive mechanical ventilation.3

These guidelines recommend using spontaneous breathing
trials, minimizing sedation, using weaning protocols, and early
mobilization to promote liberation from ventilation.

Although most invasively ventilated patients have an un-
complicated (simple) weaning pathway, about one-third re-
quire more than 1 spontaneous breathing trial and are consid-
ered difficult to wean.1,4,5 Patients with difficulty weaning face
the physical discomfort of ongoing tracheal intubation, are of-
ten unable to speak,6 and are at increased risk of ventilator-
associated pneumonia.7,8 Mobilization is often delayed be-
cause of concurrent sedation and concerns about unintentional
extubation.9,10 This group of patients consume a dispropor-
tionate amount of intensive care unit (ICU) resources.11

Noninvasive mechanical ventilation, which is being used
increasingly as an alternative to invasive ventilation,12,13 may
have a role in supporting early liberation from invasive me-
chanical ventilation in patients who have difficulty weaning.
Although the use of noninvasive ventilation as an adjunct to
weaning has been tested in previous studies, the patient popu-
lations and interventions tested are not generalizable to con-
temporary clinical ventilation practice.14

In this multicenter randomized clinical trial conducted in
the United Kingdom, it was hypothesized that weaning pro-
tocols that directed clinicians to extubate patients who were
difficult to wean to noninvasive ventilation, compared with
conventional weaning protocols for invasive mechanical ven-
tilation, would reduce the time to liberation from ventilation.

Methods
Trial Design
Weconductedthisrandomized,allocation-concealed,controlled,
open-label, multicenter trial in 41 general adult ICUs in the
United Kingdom. The trial protocol was designed by the trial in-
vestigators (Supplement 1) and was approved by South Central
C Research Ethics Committee (reference 12/SC/0515). It was en-
dorsedbytheUKIntensiveCareFoundation.Writtenconsentwas
obtained from patients, their next of kin, or a physician who was
independent from the trial prior to randomization in accordance
with national laws. The study included an internal pilot spanning
the first 6 months of the trial, at which point progress was re-
viewed by the funder. The same trial protocol was used for the
internal pilot as for the main study. Patients enrolled in the in-
ternal pilot were included as part of the main trial.

Patients
Adult patients who had received invasive mechanical venti-
lation through an endotracheal tube continuously for more
than 48 hours and were ready to commence weaning were con-
sidered for enrollment. Exclusion criteria were pregnancy, pres-
ence of a tracheostomy, contraindications to noninvasive ven-

tilation, profound neurological deficit, home ventilation prior
to admission, treatment limitations, need for further surgery
or sedation, or no noninvasive ventilator available. Readi-
ness to wean was assessed by the treating clinician before ran-
domization according to prespecified criteria.15 Patients judged
ready to start weaning underwent a spontaneous breathing trial
(eAppendix in Supplement 2). Patients in whom the sponta-
neous breathing trial failed were defined as difficult to wean
and were eligible for randomization. After obtaining consent,
eligible patients were randomized using web-based secure elec-
tronic randomization designed by the study statistician. The
minimization method was used to randomize patients in a 1:1
(noninvasive or invasive) allocation. The stratifying factors
used in the minimization algorithm were center, presence or
absence of chronic obstructive pulmonary disease (COPD), and
postoperative/nonoperative reason for ICU admission, and
these ensured equal balance between treatment groups.
Chronic obstructive pulmonary disease was defined by a pre-
admission diagnosis of COPD requiring pharmacological treat-
ment, evidence of a ratio of forced expiratory volume in the
first second to forced vital capacity of less than 0.7 (FEV1/FVC
<0.7) and an FEV1 less than 80% of predicted, or presence of
respiratory symptoms. Patients admitted to the ICU after sur-
gery were defined as the postoperative group. Following the
spontaneous breathing trial, pressure support ventilation was
reestablished using the previous settings. If necessary, the level
of pressure support was further titrated to achieve patient com-
fort and a respiratory rate less than 30/min.

Noninvasive Ventilation Weaning Protocol
When a treating clinician judged that a patient was ready to
wean, the patient underwent extubation and immediately was
provided with noninvasive ventilation via face mask. The non-
invasive ventilator was configured to deliver an equivalent level
of inspiratory positive airway pressure to the level of pres-
sure support that was being provided by the invasive ventila-
tor and expiratory positive airway pressure equivalent to the
level of positive end-expiratory pressure. The level of inspi-
ratory positive airway pressure was then titrated to achieve pa-
tient comfort and a respiratory rate less than 30/min. Every 2
hours, the patient was assessed for signs of distress or fa-
tigue. In the absence of distress or fatigue, the treating clini-
cian either removed the noninvasive ventilation mask to al-
low a self-ventilation trial or reduced the level of positive airway

Key Points
Question In adults in whom weaning from invasive mechanical
ventilation is difficult, does early extubation using a protocolized
noninvasive weaning regimen reduce the time to liberation from
ventilation compared with protocolized invasive weaning?

Findings In this randomized clinical trial that included 364 adults,
the median time to liberation from ventilation for patients
randomized to noninvasive weaning vs invasive weaning was 4.3
days vs 4.5 days, a difference that was not statistically significant.

Meaning Protocolized weaning with early extubation to noninvasive
ventilation compared with invasive weaning did not significantly
shorten time to liberation from all forms of mechanical ventilation.

Research Original Investigation Effect of Protocolized Noninvasive vs Invasive Weaning on Time to Liberation From Ventilation
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pressure by 2 cm H2O. The noninvasive weaning protocol was
discontinued when the patient tolerated 12 hours of unsup-
ported spontaneous ventilation.

Invasive Ventilation Weaning Protocol
Every 2 hours, a clinician assessed a patient for signs of distress
or fatigue. In the absence of distress or fatigue, pressure sup-
port was reduced by 2 cm H2O. This cycle was repeated every 2
hours as tolerated. If at any point the patient developed signs of
distress or fatigue, then reversible causes were sought and cor-
rective treatments initiated as appropriate. If this failed to re-
solve the situation, the level of pressure support was increased
by 2 cm H2O. Spontaneous breathing trials were repeated daily
to assess extubation readiness. This cycle continued until either
the patient underwent extubation after a successful spontane-
ous breathing trial or a tracheostomy was performed.

In both groups, the fraction of inspired oxygen was ti-
trated to maintain arterial oxygen saturations greater than 90%.
Both active weaning protocols were implemented between 8 AM
and 10 PM. Unless a patient developed signs of fatigue or dis-
tress, ventilator settings remained unchanged overnight.

The protocol encouraged use of a ventilator bundle
(head-up position; oral decontamination; sedation hold; pep-
tic ulcer prophylaxis) and recommended deferral of tracheos-
tomy until after 7 days of ventilation. Guidance was provided
for the criteria for reintubation, but the decision to reintu-
bate was made by patients’ physicians. The decision to initi-
ate antibiotic therapy and other treatments was at the discre-
tion of patients’ physicians.

Outcome Measures
The primary outcome was time from randomization to success-
ful liberation from ventilation, defined as the time point at which
a patient was alive and free of ventilator (invasive or noninva-
sive) support for more than 48 hours. Secondary outcomes were
duration of invasive ventilation and total ventilator days (inva-
sive and noninvasive); proportion of patients receiving antibi-
otics for presumed respiratory infection; total days receiving an-
tibiotics; rate of reintubation; mortality at 30, 90, and 180 days;
time to meeting ICU discharge criteria; and rate at which pa-
tients fulfilled predefined criteria indicating the need for rein-
tubation irrespective of whether they underwent reintuba-
tion. The predefined criteria were cardiac or respiratory arrest,
respiratory pauses with loss of consciousness or gasping for air,
severe psychomotor agitation inadequately controlled by se-
dation, persistent inability to remove respiratory secretions,
heart rate of 50/min or lower or respiratory rate of 140/min
or higher with loss of alertness, hemodynamic instability
unresponsive to fluids and vasoactive drugs, requirement for
surgery or other interventional procedure requiring deep seda-
tion or anesthesia, proportion of patients receiving a tracheos-
tomy, and mortality at 30, 90, and 180 days after randomiza-
tion. Post hoc key process variables (weaning pathway, sedation
use, length of ICU stay) are also reported. Outcomes were ex-
tracted from the ICU hospital clinical records and from ques-
tionnaires returned by patients. Because of the nature of the in-
tervention and clinical record designs (which typically record
mode of ventilation alongside respiratory variables), it was not

possible for those assessing core ventilation outcomes to be
blinded to treatment allocation. Adverse events were defined
as development of skin or mucosal damage, vomiting, gastric
distension, non–respiratory tract infection, and cardiac dys-
rhythmias. Health-related quality of life was assessed by the
EQ-5D-5L (Euro Quality of Life 5 Dimensions Questionnaire with
5 levels of severity for each of the 5 dimensions) and the Short
Form 12 at baseline (estimated retrospectively) and 90 and 180
days after randomization. All reported outcomes are postran-
domization results.

Statistical Analysis
The original sample size was 920 patients, but after a formal
review requested by the funder, the sample size was revised
to reflect a shorter than anticipated period of weaning. A me-
dian duration of weaning of 2.9 days and a difference of 1 day
provided an associated hazard ratio of 1.53 and a minimum
sample size of 280 with 90% power at an α=.05 significance
level. One day was defined by the investigators and patient and
public representatives as the minimal clinically important dif-
ference. The sample size was inflated by 23% to account for
the rate of loss to follow-up seen up to the interim review of
the data. It also accounted for the shape parameter, p, which
was estimated by the data to be 0.918 and which allowed for
nonconstant hazards (as modeled by the Weibull distribu-
tion), resulting in a final sample size of 364 (182 patients in each
group). Revision of the sample size meant that the primary out-
come would be analyzed using a Cox proportional hazards
model as opposed to the competing risks regression model that
was prespecified in the protocol.

The primary analysis method was intention to treat. Analy-
sis of the primary outcome, time from randomization to libera-
tion from ventilation, and other time to event outcomes used
a Cox proportional hazards regression model to estimate haz-
ard ratios and 95% confidence intervals. In addition, we used a
competing risks regression model to account for the compet-
ing risk of death. Prior to the competing risk regression analy-
sis, the cumulative incidence of liberation and death was plot-
ted as basic descriptive data to understand the overall pattern
over time. Mixed-effects logistic regression models were used
to estimate the difference in mortality at 30, 90, and 180 days
between the 2 groups, for which odds ratios and 95% confi-
dence intervals are reported. Mixed-effects linear regression
models were used to estimate mean treatment differences and
95% confidence intervals for continuous outcomes including
the health-related quality-of-life measures (change from base-
line). Mixed-effects negative binomial models were used to es-
timate incidence rate ratios and 95% confidence intervals for
overdispersed count data; eg, number of days on invasive ven-
tilation with zero inflation where several participants had no
days on invasive ventilation. The study was not powered to de-
tect treatment differences in secondary outcomes; hence, sec-
ondary analyses are considered exploratory.

We performed a per-protocol analysis and 2 predefined
subgroup analyses (presence or absence of COPD; postopera-
tive/nonoperative reason for ICU admission). It was not pos-
sible to perform the third planned subgroup analysis
(physician-led vs nurse-led weaning) because all sites used
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a multiprofessional approach involving both physicians and
nurses. Multiple imputation by chained equations was used
to impute missing primary outcome data, and the imputed data
set was analyzed as a sensitivity analysis.

All of the analyses used mixed-effects models adjusted for
age, sex, center, post–spontaneous breathing trial PaCO2, pres-
ence or absence of COPD, and postoperative/nonoperative rea-
son for ICU admission, where center was included as a ran-
dom effect in the models. Modeling assumptions were assessed
for all models fitted. The proportional hazards assumption was
assessed for the Cox proportional hazards regression model and
the competing risks model using plots of the log(−log) sur-
vival function and the Schoenfeld residuals and by assessing
the influence of time-varying covariates. Linear, logistic, and
negative binomial regression models were checked to ensure
that the assumptions of linearity and constant variance were

satisfied using residual plots. In addition to this, all the covar-
iates included in the model were assumed to be independent
of the outcome. All statistical tests were 2-sided using a P<.05
significance threshold. Statistical analyses were performed
using Stata version 15.1 (StataCorp).

Results
Patients
Figure 1 shows the flow of patients through the trial. Recruit-
ment took place between March 2013 and October 2016, dur-
ing which 364 patients were recruited from across 41 hospi-
tals. There were 182 patients randomized to each group. Most
patients received their randomized intervention (invasive
group, 96.7% [176/182]; noninvasive group, 96.1% [175/182]).

Participant follow-up ended in April 2017. Overall base-
line and physiological characteristics of patients were well
matched (Table 1). For most patients, pneumonia (35.7%) or
postsurgery respiratory failure (21.4%) was the main reason for
mechanical ventilation.

Outcomes
The primary outcome, time from randomization to liberation
from ventilation, was a median of 4.3 days (95% CI, 2.63-5.58
days) in the noninvasive group compared with a median of 4.5
days (95% CI, 3.46-7.25 days) in the invasive group (adjusted
hazard ratio, 1.1; 95% CI, 0.89-1.40) (Figure 2). The compet-
ing risks regression analysis produced a similar result (ad-
justed hazard ratio, 1.1; 95% CI, 0.86-1.34) (Figure 3).

The noninvasive group required less invasive ventilation
(median, 1 day vs 4 days; incidence rate ratio, 0.6; 95% CI, 0.47-
0.87) and required fewer total ventilator days (median, 3 days
vs 4 days; incidence rate ratio, 0.8; 95% CI, 0.62-1.0). Fewer
patients in the noninvasive group received antibiotics for res-
piratory infection (60.4% vs 70.3%; unadjusted absolute dif-
ference, 9.9%; 95% CI, 0.17%-19.61%). The total number of days
on which antibiotics were administered (respiratory and non-
respiratory) was not significantly different, with a mean of 9.1
days (SD, 12.0 days) in the noninvasive group and 10.4 days
(SD, 13.2 days) in the invasive group (mean difference, 1.3 days;
95% CI, −1.31 to 3.88 days).

A higher proportion of patients underwent extubation in
the noninvasive group (181/182) compared with the invasive
group (143/182). Sixty-seven (37.0%) of 181 undergoing extu-
bation in the noninvasive group underwent reintubation com-
pared with 41 (28.7%) of 143 in the invasive group (odds ratio,
1.54; 95% CI, 0.89-2.41). For the end point of meeting the cri-
teria for reintubation, there were 63 of 181 patients (34.8%) in
the noninvasive group compared with 42 of 143 (29.4%) in the
invasive group (odds ratio, 1.3; 95% CI, 0.78-2.12).

The rate of tracheostomy was 23.6% in the noninvasive
group and 30.2% in the invasive group (odds ratio, 0.7; 95%
CI, 0.44-1.15). Survival rates were not significantly different
at 30 days (86.8% in the noninvasive group vs 86.3% in the in-
vasive group; odds ratio, 1.1; 95% CI, 0.58-1.96) or at 180 days
(78% in the noninvasive group vs 73.1% in the invasive group;
odds ratio, 1.4; 95% CI, 0.85-2.27) (eTable 2 in Supplement 2).

Figure 1. Participant Flow Through a Randomized Clinical Trial
of Protocolized Early Extubation to Noninvasive Weaning
vs Protocolized Invasive Weaning Among Patients With Respiratory Failure

1752 Patients underwent spontaneous
breathing trial

1388 Excluded
1320 Trial successful

68 Declined participation

364 Randomized

182 Included in primary analysisc

182 Randomized to receive invasive
ventilationa

176 Received intervention as
randomized

6 Did not receive intervention
as randomized

182 Randomized to receive
noninvasive ventilationb

175 Received intervention as
randomized

7 Did not receive intervention
as randomized

84 Completed 6-mo follow-up

24 Withdrawn from follow-up
(patient decision)

47 Died before 6 mo
27 Not available for 6-mo follow-up

93 Completed 6-mo follow-up

23 Withdrawn from follow-up
(patient decision)

38 Died before 6 mo
28 Not available for 6-mo follow-up

182 Included in primary analysisd

91 Completed 3-mo follow-up

20 Withdrawn from follow-up
(patient decision)

43 Died before 3 mo
28 Not available for 3-mo follow-up

95 Completed 3-mo follow-up

17 Withdrawn from follow-up
(patient decision)

38 Died before 3 mo
32 Not available for 3-mo follow-up

a Thirty-four patients in the invasive ventilation group died during their
inpatient stay. Three were withdrawn from the study during their inpatient
stay (1 refused participation after being retrospectively approached for
consent; 2 withdrew for personal reasons).

b Thirty-three patients in the noninvasive ventilation group died during their
inpatient stay. Three were withdrawn from the study during their inpatient
stay for personal reasons.

c One hundred sixty participants achieved liberation from ventilation.
Twenty-two participants were censored (19 died, 2 were withdrawn from
follow-up, and 1 was discharged without achieving liberation from ventilation
and lost to follow-up).

d One hundred fifty-nine participants achieved liberation from ventilation.
Twenty-three participants were censored (22 died and 1 was discharged
without achieving liberation from ventilation and lost to follow-up).
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There were no significant differences in the proportions of pa-
tients who experienced adverse events and serious adverse
events. Adverse events occurred in 45 patients (24.7%) in the
noninvasive group compared with 47 (25.8%) in the invasive

group. The distributions of adverse events and serious ad-
verse events were similar (Table 2).

Post hoc key process measures showed that patients in the
noninvasive group underwent extubation earlier than those
in the invasive group (median, 0.5 day [interquartile range
{IQR}, 0.5-1 day]) vs 3 days [IQR, 2-10 days]; adjusted hazard
ratio, 2.5; 95% CI, 2.01-3.15; P < .001). Among those requiring
reintubation, the noninvasive group underwent reintubation
at a median of 2 days (IQR, 0.9-3.0 days) after randomization
compared with 3.2 days (IQR, 2.3-4.7 days) in the invasive ven-
tilation group (P < .001). The noninvasive group received se-
dation for fewer days (mean, 4.1 [SD, 5.0] days vs 5.5 [SD, 5.1]
days; incidence rate ratio, 0.7; 95% CI, 0.61-0.91) and spent less
time in critical care (mean, 10.8 [SD, 8.8] days vs 12.2 [SD, 8.4]
days; P = .02). The median time from randomization to tra-
cheostomy was 5.8 days (IQR, 3.71-8.46 days) in the invasive
group and 5.6 days (IQR, 3.43-8.46 days) in the noninvasive
group. There was no significant difference between the 2
groups (nonparametric P = .65).

Although health-related quality of life was impaired (eTable
3 in Supplement 2), there was no significant difference be-
tween the 2 groups at 3 months or at 6 months.

The per-protocol analysis produced results similar to the
primary analysis (hazard ratio, 1.1; 95% CI, 0.90-1.44). The ex-
plored subgroups showed no significant difference in treat-
ment effect (eTable 4 in Supplement 2). The sensitivity analy-
sis using multiple imputation for the 45 participants with
missing (censored) primary outcome data found no differ-
ence between the 2 groups (hazard ratio, 1.1; 95% CI, 0.90-
1.36). A further sensitivity analysis found no significant dif-
ference in outcome between the 3 highest recruiting centers
(who recruited 161 patients [44%]) and the other participat-
ing centers. There were no major departures from the model-
ing assumptions for all of the regression models fitted.

Table 1. Baseline Characteristics

Characteristics
Invasive Weaning
(n = 182)

Noninvasive
Weaning
(n = 182)

Age, mean (SD), y 61.8 (15.8) 64.3 (13.6)

Male, No. (%) 94 (51.6) 90 (49.5)

Evidence of delirium
(CAM-ICU positive), No. (%)a

17 (9.3) 23 (12.6)

Body mass index, mean (SD)b 27.7 (6.6) 28.2 (6.9)

Duration of ventilation prior
to randomization, median (IQR), d

4.7 (3.0-7.4) 5.3 (3.3-8.1)

Antibiotics for respiratory
infection, No. (%)

100 (55) 98 (54)

APACHE II score, mean (SD)c 18.8 (6.2) 18.9 (6.6)

Admission diagnosis, No. (%)

Pneumonia/respiratory infection 73 (40.1) 57 (31.3)

Postsurgery respiratory failure 39 (21.4) 39 (21.4)

Cardiac 18 (9.9) 27 (14.8)

Nonrespiratory infection 21 (11.5) 16 (8.8)

Neuromuscular 8 (4.4) 7 (3.9)

COPD/asthma exacerbation 7 (3.9) 7 (3.9)

Traumatic injuries 5 (2.8) 3 (1.6)

Gastrointestinal bleeding 3 (1.7) 7 (3.9)

Pancreatitis 1 (0.5) 4 (2.2)

Stroke 1 (0.5) 0

Otherd 6 (3.2) 15 (8.2)

Ventilation parameters prior
to spontaneous breathing trial

Exhaled minute volume,
median (IQR), L/min

10.5 (8.2-13.1) 10.2 (8.4-12.6)

Total respiratory rate,
median (IQR), /min

21 (17-27) 21 (16-27)

Positive end-expiratory pressure,
median (IQR), cm H2O

5 (5-8) 5 (5-8)

Pressure support, median (IQR),
cm H2O

11 (8-15) 11 (9-15)

P:F ratio, median (IQR), mm Hge 242.2 (200.6-315) 227.5 (196.9-280.7)

Spontaneous tidal volume,
median (IQR), mL/kg

8.2 (6.5-9.8) 7.9 (6.4-9.5)

Arterial blood gas measures prior
to spontaneous breathing trial

PaCO2, mean (SD), mm Hg 42.8 (10.2) (n=181) 42.6 (8.9) (n=180)

pH, mean (SD) 7.4 (0.06) (n=182) 7.4 (0.06) (n=181)

Hemoglobin, mean (SD), g/dL 9.7 (1.7) (n=182) 9.6 (1.6) (n=181)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
COPD, chronic obstructive pulmonary disease; IQR, interquartile range.
a CAM-ICU is the Confusion Assessment Method for Screening for Evidence of

Delirium in Intensive Care (http://www.icudelirium.org).
b Calculated as weight in kilograms divided by height in meters squared.
c The APACHE II score ranges from 0 to 71; higher scores correspond to more

severe disease and higher risk of death. An APACHE II score of 10 to 19 is
associated with a 25% risk of in-hospital mortality.

d Other diagnoses included pulmonary hemorrhage (n = 1), bowel obstruction
(n = 2), acute renal failure (n = 2), metabolic disturbance (n = 2), liver failure
(n = 4), drug overdose (n = 2), respiratory failure of unknown cause (n = 5),
vasculitis (n = 1), and burns (n = 2).

e The P:F ratio is the partial pressure of oxygen in arterial blood divided by the
fraction of inspired oxygen.

Figure 2. Time to Liberation From Mechanical Ventilation
by Treatment Group
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Hash marks indicate each censoring time. Median time to liberation from
ventilation was 4.5 days (95% CI, 3.46-7.25 days) in the invasive group and 4.3
days (95% CI, 2.63-5.58 days) in the noninvasive group.
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Discussion

In this multicenter randomized trial, early extubation to non-
invasive ventilation compared with protocolized invasive
weaning with sequential pressure support reduction prior to
extubation did not reduce the time to liberation from all forms
of ventilation. Consistent with the protocol design, patients
in the noninvasive ventilation group underwent extubation ear-
lier and spent less time receiving invasive ventilation. Mortal-
ity rates, the requirement for reintubation or tracheostomy, and
adverse event rates were not significantly different.

Spontaneous breathing trials are used to identify patients
who are ready for extubation.16 The 59% to 86% of invasive ven-
tilation patients in whom a spontaneous breathing trial fails are
classified as difficult to wean.1,4,17-19 These patients contribute
to a disproportionate amount of ICU resource utilization to
achieve successful liberation.11 Noninvasive ventilation has been
suggested to be a useful tool to facilitate weaning, but most pre-
vious studies recruited predominantly patients with COPD.20-24

In that patient group, noninvasive weaning reduced mortality,

duration of invasive ventilation, reintubation, and ICU length
of stay.14 The patients enrolled in the present study better re-
flect contemporary ICU practice, as fewer patients with COPD
now undergo invasive ventilation.25,26

The rate of reintubation in this study was expected to be
higher than among patients with simple weaning needs, in
whom reintubation rates of 10% to 20% are reported.27 The
30% overall rate of reintubation is consistent with findings in
previous studies that recruited patients with difficulty
weaning.21,22,24 Because more patients underwent extuba-
tion in the noninvasive group, more were at risk of reintuba-
tion. One of the major concerns about reintubation is the as-
sociation with increased mortality seen in some observational
studies.28,29 The survival rates in the present study were not
significantly different in noninvasive and invasive weaning
groups, although these findings should be interpreted with cau-
tion because the study was not powered to show a difference
in this outcome and was not designed to assess equivalence.

The design of this study afforded several advantages to pre-
vious studies. First, a protocolized weaning regimen in both
groups allowed clear separation of the intervention from the
effect of protocolization.30 Best practice guidelines (ventila-
tion bundle, daily spontaneous breathing trials, tracheos-
tomy insertion) reduced heterogeneity between treatment
groups. Second, antibiotic use was selected as a surrogate for
ventilator-associated pneumonia to limit the risk of detec-
tion bias arising from different approaches to obtaining respi-
ratory samples for culture; this outcome is arguably more rel-
evant than ventilator-associated pneumonia diagnosis as it
better reflects antibiotic stewardship and exposure.

Limitations
The study has several limitations. First, the nature of the in-
tervention prevented blinding of clinicians, patients, or out-
come assessors. This may have led to performance and/or de-
tection bias. Second, the noninvasive weaning protocol
mandated sequential reductions in respiratory support (either
a decrease in inspiratory pressure support or a break from non-
invasive ventilation) as tolerated over a minimum of a 12-hour
period. It is possible that this may have extended the period

Figure 3. Cumulative Incidence of Liberation From Ventilation or Death
by Treatment Group
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Table 2. Adverse Events

Adverse Events

No. (%) of Participants
Unadjusted Absolute
Difference, % (95% CI)

Invasive Weaning
(n=182)

Noninvasive Weaning
(n=182)

Antibiotics for presumed
respiratory infection

128 (70.3) 110 (60.4) 9.9 (0.2 to 19.6)

Reintubation 41 (28.7)(n=143) 67 (37.0)(n=181) 8.3 (−1.9 to 18.6)

Tracheostomy 55 (30.2) 43 (23.6) 6.6 (−2.5 to 15.7)

Death before intensive care unit
discharge

25 (13.7) 22 (12.1) 1.6 (−5.2 to 8.5)

Dysrhythmias 22 (12.1) 14 (7.7) 4.4 (−1.7 to 10.5)

Nasal/skin/mouth sores or
irritation

14 (7.7) 19 (10.4) 2.7 (−3.2 to 8.6)

Nonrespiratory infection 12 (6.6) 11 (6.0) 0.5 (−4.5 to 5.6)

Vomiting 8 (4.4) 14 (7.7) 3.3 (−1.6 to 8.2)

Gastric distension 6 (3.3) 7 (3.9) 0.5 (−3.3 to 4.4)

Barotrauma (eg, pneumothorax) 3 (1.7) 3 (1.7) 0 (−2.6 to 2.6)
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of ventilatory support for some patients. Third, in the inva-
sive ventilation group, the protocol required once-daily spon-
taneous breathing trials. It is possible that more frequent
spontaneous breathing trials may have led to earlier recogni-
tion of readiness for extubation in some patients. Fourth,
the patients enrolled were a heterogeneous group of patients
with differing relative contributions of respiratory, cardiac, neu-
romuscular, metabolic, pharmacological, and neuropsycho-
logical impairment. Whether a more physiologically based as-
sessment process could identify a group more likely to benefit
from noninvasive ventilation remains to be determined in fu-
ture studies. Fifth, 44% of the patients were recruited from

3 centers, which could limit generalizability. It is possible that
performance and outcomes may have improved as centers be-
came more experienced in the use of the noninvasive wean-
ing intervention.

Conclusions
Among patients requiring mechanical ventilation in whom a
spontaneous breathing trial had failed, early extubation to
noninvasive ventilation did not shorten time to liberation from
any ventilation.
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