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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
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Stavros Petrou, PhD; Duncan Young, DM; Ranjit Lall, PhD; for the Breathe Collaborators
Editorial
IMPORTANCE In adults in whom weaning from invasive mechanical ventilation is difficult,

Supplemental content

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 intervention. However, prolonged ventilation is associated with increased 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 uncomplicated (simple) weaning pathway, about one-third require more than 1 spontaneous breathing trial and are considered difficult to wean.1,4,5 Patients with difficulty weaning face
the physical discomfort of ongoing tracheal intubation, are often unable to speak,6 and are at increased risk of ventilatorassociated pneumonia.7,8 Mobilization is often delayed because of concurrent sedation and concerns about unintentional
extubation.9,10 This group of patients consume a disproportionate 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 mechanical 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 populations and interventions tested are not generalizable to contemporary clinical ventilation practice.14
In this multicenter randomized clinical trial conducted in
the United Kingdom, it was hypothesized that weaning protocols that directed clinicians to extubate patients who were
difficult to wean to noninvasive ventilation, compared with
conventional weaning protocols for invasive mechanical ventilation, would reduce the time to liberation from ventilation.

Methods
Trial Design
We conducted this randomized, allocation-concealed, controlled,
open-label, multicenter trial in 41 general adult ICUs in the
United Kingdom. The trial protocol was designed by the trial investigators (Supplement 1) and was approved by South Central
C Research Ethics Committee (reference 12/SC/0515). It was endorsed by the UK Intensive Care Foundation. Written consent was
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 reviewed by the funder. The same trial protocol was used for the
internal pilot as for the main study. Patients enrolled in the internal pilot were included as part of the main trial.

Patients
Adult patients who had received invasive mechanical ventilation through an endotracheal tube continuously for more
than 48 hours and were ready to commence weaning were considered for enrollment. Exclusion criteria were pregnancy, presence of a tracheostomy, contraindications to noninvasive venE2

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.

tilation, profound neurological deficit, home ventilation prior
to admission, treatment limitations, need for further surgery
or sedation, or no noninvasive ventilator available. Readiness to wean was assessed by the treating clinician before randomization according to prespecified criteria.15 Patients judged
ready to start weaning underwent a spontaneous breathing trial
(eAppendix in Supplement 2). Patients in whom the spontaneous 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 electronic 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 preadmission diagnosis of COPD requiring pharmacological treatment, 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 surgery 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 comfort 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 noninvasive ventilator was configured to deliver an equivalent level
of inspiratory positive airway pressure to the level of pressure support that was being provided by the invasive ventilator and expiratory positive airway pressure equivalent to the
level of positive end-expiratory pressure. The level of inspiratory positive airway pressure was then titrated to achieve patient comfort and a respiratory rate less than 30/min. Every 2
hours, the patient was assessed for signs of distress or fatigue. In the absence of distress or fatigue, the treating clinician either removed the noninvasive ventilation mask to allow a self-ventilation trial or reduced the level of positive airway
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pressure by 2 cm H2O. The noninvasive weaning protocol was
discontinued when the patient tolerated 12 hours of unsupported 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 support 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 corrective treatments initiated as appropriate. If this failed to resolve 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 spontaneous breathing trial or a tracheostomy was performed.
In both groups, the fraction of inspired oxygen was titrated 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 distress, ventilator settings remained unchanged overnight.
The protocol encouraged use of a ventilator bundle
(head-up position; oral decontamination; sedation hold; peptic ulcer prophylaxis) and recommended deferral of tracheostomy until after 7 days of ventilation. Guidance was provided
for the criteria for reintubation, but the decision to reintubate was made by patients’ physicians. The decision to initiate antibiotic therapy and other treatments was at the discretion of patients’ physicians.

Outcome Measures
The primary outcome was time from randomization to successful liberation from ventilation, defined as the time point at which
a patient was alive and free of ventilator (invasive or noninvasive) support for more than 48 hours. Secondary outcomes were
duration of invasive ventilation and total ventilator days (invasive and noninvasive); proportion of patients receiving antibiotics for presumed respiratory infection; total days receiving antibiotics; rate of reintubation; mortality at 30, 90, and 180 days;
time to meeting ICU discharge criteria; and rate at which patients fulfilled predefined criteria indicating the need for reintubation irrespective of whether they underwent reintubation. The predefined criteria were cardiac or respiratory arrest,
respiratory pauses with loss of consciousness or gasping for air,
severe psychomotor agitation inadequately controlled by sedation, 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 sedation or anesthesia, proportion of patients receiving a tracheostomy, and mortality at 30, 90, and 180 days after randomization. Post hoc key process variables (weaning pathway, sedation
use, length of ICU stay) are also reported. Outcomes were extracted from the ICU hospital clinical records and from questionnaires returned by patients. Because of the nature of the intervention and clinical record designs (which typically record
mode of ventilation alongside respiratory variables), it was not
jama.com
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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 dysrhythmias. 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 postrandomization 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 median 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 difference. 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 distribution), resulting in a final sample size of 364 (182 patients in each
group). Revision of the sample size meant that the primary outcome 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. Analysis of the primary outcome, time from randomization to liberation from ventilation, and other time to event outcomes used
a Cox proportional hazards regression model to estimate hazard ratios and 95% confidence intervals. In addition, we used a
competing risks regression model to account for the competing risk of death. Prior to the competing risk regression analysis, the cumulative incidence of liberation and death was plotted 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% confidence 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 baseline). Mixed-effects negative binomial models were used to estimate incidence rate ratios and 95% confidence intervals for
overdispersed count data; eg, number of days on invasive ventilation with zero inflation where several participants had no
days on invasive ventilation. The study was not powered to detect treatment differences in secondary outcomes; hence, secondary analyses are considered exploratory.
We performed a per-protocol analysis and 2 predefined
subgroup analyses (presence or absence of COPD; postoperative/nonoperative reason for ICU admission). It was not possible to perform the third planned subgroup analysis
(physician-led vs nurse-led weaning) because all sites used
(Reprinted) JAMA Published online October 22, 2018
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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

satisfied using residual plots. In addition to this, all the covariates 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

364 Randomized

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

91
43
28
20

Completed 3-mo follow-up
Died before 3 mo
Not available for 3-mo follow-up
Withdrawn from follow-up
(patient decision)

95
38
32
17

Completed 3-mo follow-up
Died before 3 mo
Not available for 3-mo follow-up
Withdrawn from follow-up
(patient decision)

84
47
27
24

Completed 6-mo follow-up
Died before 6 mo
Not available for 6-mo follow-up
Withdrawn from follow-up
(patient decision)

93
38
28
23

Completed 6-mo follow-up
Died before 6 mo
Not available for 6-mo follow-up
Withdrawn from follow-up
(patient decision)

182 Included in primary analysisc

182 Included in primary analysisd

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).

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, presence or absence of COPD, and postoperative/nonoperative reason for ICU admission, where center was included as a random 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) survival 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
E4

Figure 1 shows the flow of patients through the trial. Recruitment took place between March 2013 and October 2016, during which 364 patients were recruited from across 41 hospitals. 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 baseline 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 competing risks regression analysis produced a similar result (adjusted 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, 0.470.87) 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 respiratory infection (60.4% vs 70.3%; unadjusted absolute difference, 9.9%; 95% CI, 0.17%-19.61%). The total number of days
on which antibiotics were administered (respiratory and nonrespiratory) 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 extubation in the noninvasive group underwent reintubation compared 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 criteria 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 invasive 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).
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Characteristics
Age, mean (SD), y

Invasive Weaning
(n = 182)
61.8 (15.8)

Noninvasive
Weaning
(n = 182)
64.3 (13.6)

Male, No. (%)

94 (51.6)

90 (49.5)

Evidence of delirium
(CAM-ICU positive), No. (%)a
Body mass index, mean (SD)b

17 (9.3)

23 (12.6)

27.7 (6.6)

28.2 (6.9)

Duration of ventilation prior
to randomization, median (IQR), d
Antibiotics for respiratory
infection, No. (%)
APACHE II score, mean (SD)c

4.7 (3.0-7.4)
100 (55)
18.8 (6.2)

5.3 (3.3-8.1)
98 (54)

0.6
Invasive group

0.4
Noninvasive group
0.2

0

73 (40.1)
39 (21.4)

39 (21.4)

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)

Otherd

6 (3.2)

10

15

20

25

37
32

24
21

12
17

Day
No. at risk
Invasive group 182
Noninvasive 182
group

86
79

61
48

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.

0
15 (8.2)

10.5 (8.2-13.1)

10.2 (8.4-12.6)

21 (17-27)

21 (16-27)

5 (5-8)

5 (5-8)

11 (8-15)

11 (9-15)

242.2 (200.6-315) 227.5 (196.9-280.7)
8.2 (6.5-9.8)

5

57 (31.3)

Cardiac

Spontaneous tidal volume,
median (IQR), mL/kg
Arterial blood gas measures prior
to spontaneous breathing trial
PaCO2, mean (SD), mm Hg

Log-rank P = .35
0.8

0

Postsurgery respiratory failure

Ventilation parameters prior
to spontaneous breathing trial
Exhaled minute volume,
median (IQR), L/min
Total respiratory rate,
median (IQR), /min
Positive end-expiratory pressure,
median (IQR), cm H2O
Pressure support, median (IQR),
cm H2O
P:F ratio, median (IQR), mm Hge

1.0

18.9 (6.6)

Admission diagnosis, No. (%)
Pneumonia/respiratory infection

Figure 2. Time to Liberation From Mechanical Ventilation
by Treatment Group

Proportion Receiving
Mechanical Ventilation

Table 1. Baseline Characteristics

Original Investigation Research

7.9 (6.4-9.5)

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.

There were no significant differences in the proportions of patients 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
jama.com

group. The distributions of adverse events and serious adverse 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 ventilation group (P < .001). The noninvasive group received sedation 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 tracheostomy 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 between 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 explored subgroups showed no significant difference in treatment effect (eTable 4 in Supplement 2). The sensitivity analysis using multiple imputation for the 45 participants with
missing (censored) primary outcome data found no difference between the 2 groups (hazard ratio, 1.1; 95% CI, 0.901.36). A further sensitivity analysis found no significant difference in outcome between the 3 highest recruiting centers
(who recruited 161 patients [44%]) and the other participating centers. There were no major departures from the modeling assumptions for all of the regression models fitted.
(Reprinted) JAMA Published online October 22, 2018
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Discussion
In this multicenter randomized trial, early extubation to noninvasive 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 earlier and spent less time receiving invasive ventilation. Mortality 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 ventilation 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 previous studies recruited predominantly patients with COPD.20-24
In that patient group, noninvasive weaning reduced mortality,
Figure 3. Cumulative Incidence of Liberation From Ventilation or Death
by Treatment Group
1.0

Proportion Who Achieved
Liberation or Died

Noninvasive group
0.8

0.6
Invasive group

duration of invasive ventilation, reintubation, and ICU length
of stay.14 The patients enrolled in the present study better reflect 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 extubation in the noninvasive group, more were at risk of reintubation. One of the major concerns about reintubation is the association 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 caution 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 previous studies. First, a protocolized weaning regimen in both
groups allowed clear separation of the intervention from the
effect of protocolization.30 Best practice guidelines (ventilation bundle, daily spontaneous breathing trials, tracheostomy insertion) reduced heterogeneity between treatment
groups. Second, antibiotic use was selected as a surrogate for
ventilator-associated pneumonia to limit the risk of detection bias arising from different approaches to obtaining respiratory samples for culture; this outcome is arguably more relevant than ventilator-associated pneumonia diagnosis as it
better reflects antibiotic stewardship and exposure.
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The study has several limitations. First, the nature of the intervention prevented blinding of clinicians, patients, or outcome assessors. This may have led to performance and/or detection bias. Second, the noninvasive weaning protocol
mandated sequential reductions in respiratory support (either
a decrease in inspiratory pressure support or a break from noninvasive ventilation) as tolerated over a minimum of a 12-hour
period. It is possible that this may have extended the period

Table 2. Adverse Events
No. (%) of Participants
Adverse Events
Antibiotics for presumed
respiratory infection

E6

Invasive Weaning
(n=182)

Noninvasive Weaning
(n=182)

Unadjusted Absolute
Difference, % (95% CI)

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

0.5 (−4.5 to 5.6)

12 (6.6)

11 (6.0)

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 invasive ventilation group, the protocol required once-daily spontaneous breathing trials. It is possible that more frequent
spontaneous breathing trials may have led to earlier recognition of readiness for extubation in some patients. Fourth,
the patients enrolled were a heterogeneous group of patients
with differing relative contributions of respiratory, cardiac, neuromuscular, metabolic, pharmacological, and neuropsychological impairment. Whether a more physiologically based assessment process could identify a group more likely to benefit
from noninvasive ventilation remains to be determined in future studies. Fifth, 44% of the patients were recruited from
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3 centers, which could limit generalizability. It is possible that
performance and outcomes may have improved as centers became more experienced in the use of the noninvasive weaning 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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