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Abstract 

Purpose:  Early noninvasive ventilation (NIV) after extubation decreases the risk of respiratory failure and lowers 
90-day mortality in patients with hypercapnia. Patients with chronic respiratory disease are at risk of extubation failure. 
Therefore, it could be useful to determine the role of NIV with a discontinuous approach, not limited to patients with 
hypercapnia. We assessed the efficacy of early NIV in decreasing respiratory failure after extubation in patients with 
chronic respiratory disorders.

Methods:  A prospective randomized controlled multicenter study was conducted. We enrolled 144 mechanically 
ventilated patients with chronic respiratory disorders who tolerated a spontaneous breathing trial. Patients were ran‑
domly allocated after extubation to receive either NIV (NIV group, n = 72), performed with a discontinuous approach, 
for the first 48 h, or conventional oxygen treatment (usual care group, n = 72). The primary endpoint was decreased 
respiratory failure within 48 h after extubation. Analysis was by intention to treat. This trial was registered with Clinical‑
Trials.gov (NCT01047852).

Results:  Respiratory failure after extubation was less frequent in the NIV group: 6 (8.5%) versus 20 (27.8%); p = 0.0016. 
Six patients (8.5%) in the NIV group versus 13 (18.1%) in the usual care group were reintubated; p = 0.09. Intensive 
care unit (ICU) mortality and 90-day mortality did not differ significantly between the two groups (p = 0.28 and 
p = 0.33, respectively). Median postrandomization ICU length of stay was lower in the usual care group: 3 days (IQR 
2–6) versus 4 days (IQR 2–7; p = 0.008). Patients with hypercapnia during a spontaneous breathing trial were at risk of 
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Take‑home message  Intermittent noninvasive ventilation for a period 
of 48 h early after extubation at the rate of at least 6 h per day is more 
effective than standard medical therapy in preventing postextubation 
respiratory failure in patients with chronic respiratory disorders. Our 
findings suggest that NIV is well tolerated and effective in a population 
considered at risk of developing this complication, and the benefits are 
not limited to patients exhibiting hypercapnia during a spontaneous 
breathing trial.
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Introduction
The weaning/extubation period represents an essen-
tial element in the care of critically ill intubated patients 
receiving mechanical ventilation and an important issue 
for clinicians [1]. A consensus conference on weaning 
defined success as the absence of reintubation or nonin-
vasive (NIV) initiation for acute respiratory failure (ARF), 
or death within 48 h after extubation [2, 3]. There is some 
evidence that weaning failure affects survival indepen-
dently of the underlying illness severity [4–6]. There are 
many factors reported to be associated with extubation 
failure [1]. NIV has been recently developed for the man-
agement of postextubation ARF, the main goal being to 
prevent or avoid reintubation. Indeed, Ferrer et al. dem-
onstrated that early NIV averted ARF after extubation 
among patients at increased risk (using the criteria iden-
tified by Epstein et al. [7]: age greater than 65 years, car-
diac failure as the cause of intubation, increased severity 
assessed by an Acute Physiology and Chronic Health 
Evaluation (APACHE)—II score exceeding 12 on the day 
of extubation) [8]. They showed, in this same study, that 
early use of NIV after extubation decreased intensive 
care unit (ICU) mortality and improved 90-day survival 
in hypercapnic patients with chronic respiratory disor-
ders [8]. Hypercapnia during the spontaneous breathing 
trial is independently associated with extubation failure 
[9] and predicts prolonged weaning and mortality [10]. 
Ferrer et  al. furthered this issue and demonstrated that 
early NIV delivered for as much time as possible for a 
scheduled maximum period of 24  h after extubation 
diminished risk of respiratory failure and lowered 90-day 
mortality in patients with hypercapnia during a sponta-
neous breathing trial [11]. Nevertheless, the results of 
these very relevant studies raise several concerns. First, 
Thille et al. identified a subset of patient at high risk for 
extubation. There were medical patients with underlying 
chronic respiratory disease [5]. So it could be useful to 
determine the role of preventive use of NIV in patients 
with chronic respiratory disease and not only with hyper-
capnia during a spontaneous breathing trial. Second, 
early NIV decreased 90-day mortality without signifi-
cantly decreasing reintubation rate and ICU mortality. 
These results deserve to be confirmed. Third, it could be 

interesting to evaluate or to confirm [12] the use of early 
NIV and at the same time a more balanced (sequential) 
[13] and more prolonged use (48 h).

So, we postulated that the early use of NIV performed 
following a sequential protocol, for the first 48  h after 
extubation, in patients with chronic respiratory disorders 
or with hypercapnia during a spontaneous breathing trial 
before extubation, would reduce respiratory failure after 
extubation. We assessed the efficacy of this strategy com-
pared with standard medical treatment, in a randomized 
controlled multiple-center study, in patients who under-
went a planned extubation.

Some of the results of this study have been previously 
reported in the form of an abstract [14].

Methods
Additional details on patients and methods are provided 
in the supplemental data.

An independent review board (Comité de Protection 
des Personnes Sud-Ouest et Outre-Mer) approved the 
study. This study was registered on clinicaltrials.gov with 
the number: NCT01047852. Written informed consent 
was obtained from each patient or next of kin before 
inclusion.

Patients
Patients were consecutively recruited between Janu-
ary 2010 and June 2011 from six French ICUs. Inclusion 
criteria were: (1) patients intubated for at least 48 h and 
who tolerated a spontaneous breathing trial for 2 h with a 
pressure support at 7 cm H2O and a positive end expira-
tory pressure at 0  cm H2O after recovery of their dis-
ease [15, 16]; and (2) patients with known or suspected 
chronic respiratory disorders, based on their clinical 
history (chronic respiratory disorders include chronic 
obstructive pulmonary disease, chronic bronchitis asso-
ciated with dyspnea or former history of smoking in the 
absence of pulmonary function testing, bronchiectasis, 
sequelae of pulmonary tuberculosis, chest wall deform-
ity or obesity associated with a restrictive ventilatory dis-
order), chest X-ray, arterial blood gases in steady state, 
and/or admission bicarbonate level, as well as previous 
pulmonary function tests if available [17], or those who 

developing postextubation respiratory failure [adjusted odds ratio (95% CI) = 4.56 (1.59–14.00); p = 0.006] and being 
intubated [adjusted odds ratio (95% CI) = 3.60 (1.07–13.31); p = 0.04].

Conclusions:  Early NIV performed following a sequential protocol for the first 48 h after extubation decreased the 
risk of respiratory failure in patients with chronic respiratory disorders. Reintubation and mortality did not differ 
between NIV and conventional oxygen therapy.

Keywords:  Noninvasive ventilation, Extubation failure, Weaning, Chronic respiratory disorder



1628

tolerated a spontaneous breathing trial with hypercapnia 
defined by a PaCo2 > 45 mmHg. Exclusion criteria were: 
facial or cranial trauma or surgery, tracheostomy, recent 
gastric oral or esophageal surgery, upper gastrointesti-
nal bleeding, excessive amount of respiratory secretions, 
home NIV, uncooperative patient and previous decision 
to limit therapeutic effort in the ICU.

Study protocol
A spontaneous breathing trial (SBT) was done once the 
patient had reached a phase of clinical stability and the 
positivity criteria of the SBT were checked (see electronic 
supplementary material). The patients able to tolerate 
the SBT were extubated and those fulfilling the inclusion 
and non-inclusion criteria were immediately randomly 
allocated to one of two groups (NIV group or usual care 
group) via independent Web-based centralized block 
randomization (available 24  h/day, 7  days/week), with 
stratification on the center.

Except for the specific interventions of this trial, 
patients were managed according to the clinical protocols 
of their institutions.

Procedure according to the randomization arm
NIV group
After the technique was explained to the patient, NIV 
was delivered immediately after extubation and was 
applied via a face mask (ResMed, San Diego, USA) with 
a ventilator specifically designed for NIV or an ICU ven-
tilator with its NIV algorithm engaged. NIV was per-
formed in a semirecumbent position intermittently with 
oxygen spontaneous breathing periods, following the so-
called sequential protocol, modified from the protocol 
proposed by Hilbert et al. [13]. NIV was not maintained 
continuously but used for 1  h every 3  h. The nurse and 
physiotherapist were asked to maintain the scheduled 
periods of ventilation taking into account the patient’s 
tolerance and trying to encourage in all cases a minimal 
duration of 30 min of ventilation. Concerning the night, 
patients in the NIV group were not woken up to perform 
a preventive NIV session. Conversely, ventilated patients 
were not woken to stop the session. In all patients, a 
minimal duration of 6  h by day in total of NIV will be 
performed. The ventilatory mode was pressure support 
ventilation with the addition of PEEP or bilevel positive 
airway pressure. Inspiratory pressure (pressure support 
above PEEP) was initially set to obtain an expiratory 
tidal volume between 6 and 8  ml/kg of predicted body 
weight. The PEEP was initially set at 4  cm H2O, which 
was titrated by 1 cm H2O increments in case of non-trig-
gered breaths until non-triggered breaths disappeared or 
a maximum PEEP level of 10  cm H2O [18]. Inspiratory 
trigger was set at high sensitivity, pressurization slope 

at 200 ms. The cycling-off criteria was set at 40% of the 
peak inspiratory flow [19, 20] and/or the ventilator could 
switch from inspiration to expiration when the absolute 
inspiratory time was >1 s [21]. The fractional concentra-
tion of oxygen was such to achieve a Sao2 > 90%. Sequen-
tial NIV was delivered for a scheduled period of 48  h, 
after which NIV was withdrawn and conventional oxygen 
treatment was administered for as long as needed.

Usual care group
Patients allocated to the usual care group received stand-
ard oxygen therapy after extubation to maintain Sao2 
greater than or equal to 90% [11]. Patients also received 
standard medical treatment, decided by the attending 
physicians.

Both groups received the same care by nurses and res-
piratory therapists during the ICU stay.

Evaluation criteria
The monitoring included an electrocardiogram, arte-
rial oxygen saturation by pulse oximetry, invasive and/
or noninvasive blood pressure and respiratory rate. We 
reviewed all relevant data from patients’ medical records 
and bedside flowcharts upon entry and at the end of the 
study (48 h after extubation). We extended follow-up to 
90 days after randomization.

Definition of respiratory failure after extubation
Respiratory failure after extubation was defined as the 
presence within 48  h of extubation of at least two of 
the following criteria: (1) tachypnea greater than 35/
min or bradypnea less than 12/min; (2) clinical signs 
of acute respiratory failure (i.e., cyanosis, sweating, 
involvement of accessory respiratory muscles, para-
doxical abdominal motion, consciousness impair-
ment); (3) hypercapnia with respiratory acidosis under 
nasal O2 less than or equal to 3  L/min (i.e., increase 
of PaCo2 ≥  10% relative to pre-extubation value [SBT] 
and pH ≤  7.35); and (4) hypoxemia under O2 greater 
than or equal to 6  L/min or Fio2 greater than or 
equal to 50% with a venturi mask (i.e., Sao2  <  90% or 
Pao2 ≤  60  mmHg [8  kPa] or Pao2/Fio2 ≤  120  mmHg). 
We assigned causes of respiratory failure after extuba-
tion with previously published definitions [4]: upper 
airway obstruction, congestive heart failure, aspira-
tion or excessive respiratory secretions (witnessed 
aspiration or an inability to maintain airway patency 
because of respiratory secretions, defined as the need 
for repeated nasal–tracheal aspiration or the develop-
ment of atelectasis during the post-extubation period 
because of ineffective cough or inability to expecto-
rate), respiratory failure, encephalopathy (decreased 
consciousness leading to hypoventilation).
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Criteria for reintubation
For the two groups, in cases of post-extubation acute res-
piratory failure, the reintubation decision was based on 
predefined criteria (17) (see electronic supplementary 
material).

NIV as rescue therapy
The use of NIV was permitted as rescue therapy, before 
eventual reintubation, in both groups in cases of post-
extubation acute respiratory failure occurrence without 
the need for immediate reintubation. NIV as rescue ther-
apy was performed following a sequential protocol [18], 
intensified to a minimum of 1 h every 2 h and was main-
tained after the 48th  h of post-extubation if necessary. 
The patients who received NIV as rescue therapy and had 
reintubation criteria described above, despite use of this 
method in optimal conditions, were reintubated.

End‑points
The primary end-point was the rate of respiratory fail-
ure during the first 48  h after extubation. Secondary 
end-points included the need for reintubation, ICU 
length of stay, ICU death and mortality on day 90 after 
randomization.

Statistical analysis
We estimated a 30% rate of respiratory failure after extu-
bation in patients assigned to usual care group and a rate 
of 10% in those assigned to the NIV group. We based the 
expected rate in the control group on the incidence of 
respiratory failure after extubation observed in patients 
with chronic respiratory disorders from our intensive 
care unit. This rate was closed to 30%. Moreover, Ferrer 
et al. observed a 40–48% rate of respiratory failure after 
extubation in more severe patients with hypercapnia [11]. 
We planned to include patients with chronic respiratory 
disease and not only with hypercapnia during a spontane-
ous breathing trial, i.e. less severe patients, with probably 
a lower risk of distress. In our experience, the incidence 
or respiratory failure after extubation despite use of NIV 
in the same population was close to 10%. In the same 
way, Ferrer et al. obtained a 15% rate of respiratory failure 
after extubation in the group treated with NIV. With the 
same reasoning, as for the usual care group, we expected 
a rate of 10% of respiratory failure in patients assigned 
to the NIV group. According to a two-sided 5% type 1 
error and 80% power, the calculation, based on compar-
ison of proportions, indicated a minimal sample size of 
72 patients in each group, leading to a total of 144 allo-
cated patients. The data were analyzed with SAS® base 
9.1.3 (SAS Institute, Cary, NC, USA). We used the Chi-
square or Fisher exact test to compare categorical vari-
ables between study groups and the unpaired Student’s t 

test or Mann–Whitney test to compare continuous vari-
ables. Kaplan–Meier estimate of survival curve was used 
to determine the cumulative 90-day survival probability. 
Survival curves between the two groups were compared 
by log-rank test. We did univariate analysis of predic-
tors of respiratory failure after extubation with the Chi-
square test and Student’s t test and multivariate analysis 
by logistic regression. The analyses were in intention to 
treat. A p value less than 0.05 was considered statistically 
significant.

Results
Additional details on results are provided in the supple-
mental data (electronic supplementary material).

Enrollment and baseline characteristics
Between January 2010 and June 2011, 148 consecutive 
patients were registered for the study. Among them, 144 
were enrolled and randomized to the usual care group 
(n = 72) or the NIV group (n = 72). One patient assigned 
to the NIV group was excluded from the data analysis 
because he was under guardianship. As a result, 71 and 
72 patients in these two groups were kept in the primary 
endpoint analysis (Fig. 1).

The two groups were similar at baseline regarding gen-
eral clinical characteristics and physiological variables 
(Table 1).

Early and sequential noninvasive ventilation
In patients assigned to NIV group, NIV was delivered 
for a mean period close to 8 h on day 1 and 6 h on day 
2 (see electronic supplementary material, table S1). The 
ventilator was set with the following pressure level: 10 
(8–10) cm H2O for the inspiratory pressure above PEEP 
and 5 (4–6) cm H2O for the positive end expiratory pres-
sure. Mean air leak volume was 20 ± 3% of expired tidal 
volume. Tolerance of NIV was excellent with no specific 
complications associated with NIV. Only one patient 
developed a moderate skin breakdown [22] not requir-
ing cessation of NIV (table S1, electronic supplementary 
material).

Main end points
Respiratory failure after extubation
Respiratory failure after extubation was less frequent 
in the NIV group compared with the usual care group 
(27.8 vs. 8.5%, p =  0.0016) (Table  2). This result is very 
close to our hypothesis for the sample size estimation. 
Time elapsed from extubation to respiratory failure after 
extubation is shown in Table  2. Most respiratory fail-
ure occurred within 1  day after extubation. Concerning 
the “late” respiratory failure (>48 h), four patients in the 
usual care group, versus six patients in the NIV group, 
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developed a respiratory failure after extubation. However, 
taking into account all respiratory failure after extuba-
tion, these were less frequent in the NIV group compared 
with the usual care, respectively 12 (17%) versus 24 
(33%), p =  0.01. After adjustment for major prognostic 
factors of respiratory failure (age, Apache two score, his-
tory of cardiac failure, hypercapnia), sequential and early 
NIV was strongly associated with a reduction in the inci-
dence of respiratory failure within 48 h after extubation 
[odds ratio: 0.18; 95% confidence interval (0.05–0.55); 
p = 0.004] (Table 3).

Reintubation
In patients who developed respiratory failure after 
extubation, three patients in each group required 
immediate reintubation. For others, NIV as rescue 
therapy resulted in avoidance of reintubation in 7 of 
17 patients assigned in the usual care group, but was 
not effective in the NIV group (Fig.  1). The reintuba-
tion rate was not significantly lower in the NIV group 
(Table  2). In univariate and multivariate analysis, 
patients with hypercapnia and with an Apache II > 12 
were at risk of reintubation (Table 3).

Fig. 1  Enrollment, randomization, and follow-up of participants in the study
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Mortality
Mortality in the ICU was three times more frequent in 
the usual care group, as compared with NIV Group; 
however, this difference was not significant [6 (8.3%) vs. 
2 (2.8%), p = 0.28]. Mortality at 90 days was not signifi-
cantly different between the two groups (Fig. 2). Table 2 
shows causes of death within 90 days of randomization. 
In univariate and multivariate analysis, only patients 
with an Apache II > 12 were at risk of 90-days mortality 
(Table 3).

Subgroup analysis
In patients without hypercapnia, in multivariate analy-
sis, the randomization group was not a predictor of 

respiratory failure after extubation with adjusted odds 
ratio (95% confidence interval)  =  0.15 (0.01–1.28), 
p  =  0.08 (Table  3). We observed the same results in 
patient with hypercapnia (Table 3).

Patient with hypercapnia during a spontaneous breath-
ing trial were at risk of developing post-extubation res-
piratory failure [adjusted odds ratio (95% CI)  =  4.56 
(1.59–14.00); p =  0.006] and being intubated [adjusted 
odds ratio (95% CI) = 3.60 (1.07–13.31); p = 0.04].

Discussion
In this randomized controlled trial, a sequential and early 
use of NIV was associated with a significant reduction 
of post-extubation respiratory failure in patients with 

Table 1  Baseline characteristics

Data are expressed as n (%) or median (IQR)

SAPS II simplified acute physiologic score II, ICU intensive care unit, APACHE II acute physiology and chronic health evaluation II score, NIV noninvasive ventilation, FiO2 
fraction of inspired oxygen

Demographic and clinical data Usual care group (n = 72) NIV group (n = 71)

Age (years) 65 (57–75) 64 (55–73)

Sex (male) 49 (68.1) 42 (59.1)

SAPS II at ICU admission 45 (35–62) 46 (38–59)

APACHE II score upon entry into the study 12 (9–14) 11 (9–14)

Risk factors for respiratory failure after extubation upon entry into study

 Age >65 years 34 (47.2) 32 (45.1)

 APACHE II > 12 (%) 32 (44.4) 28 (39.4)

 Cardiac failure at admission (%) 8 (11.1) 9 (12.6)

 Paco2 > 45 mmHg on spontaneous breathing trial 20 (27.7) 26 (36.6)

Underlying diseases

 Chronic heart failure 21 (29.2) 12 (16.9)

 Diabetes mellitus 24 (33.3) 19 (26.7)

 Immunosuppression 5 (6.9) 2 (2.8)

 Neoplasm 16 (22.2) 13 (18.3)

 Liver cirrhosis 2 (2.8) 3 (4.2)

 Chronic renal failure 7 (9.7) 4 (5.6)

Type of chronic respiratory disease

 Obstructive 40 (57.1) 38 (54.3)

 Restrictive 6 (8.6) 8 (11.4)

 Mixed 24 (34.3) 24 (34.3)

 Unknown 2 (2.8) 1 (1.4)

Duration of invasive mechanical ventilation before inclusion 6 (4–11) 7 (5–11)

Causes of mechanical ventilation

 Exacerbation of chronic respiratory disorder 40 (55.5) 40 (56.3)

 Pneumonia 20 (27.7) 22 (30.9)

 Cardiac failure 8 (11.3) 9 (12.6)

 Other 4 (5.6) –

Arterial blood gases at randomization

 pH 7.43 (7.39–7.47) 7.43 (7.40–7.46)

 Paco2, mmHg 41 (36–47) 43 (36–48)

 Paco2/FiO2 ratio, mmHg 197 (174–216) 198 (172–244)



1632

chronic respiratory disorders. However, this strategy did 
not result in lowered mortality or reintubation in our 
population.

Patients at risk of post‑extubation respiratory failure
One important research objective regarding the indi-
cation for early use of NIV immediately after extuba-
tion in the absence of evidence of respiratory failure is 
to identify the high-risk population of patients most 
likely to benefit from this intervention [1]. This “pro-
phylactic” NIV seems beneficial only in patients at 
high risk for reintubation. Indeed, in a study includ-
ing more than 400 ICU patients extubated after a suc-
cessful 2-h spontaneous breathing trial, extubation 
failure rate was similar in patients treated with early 
NIV or oxygen therapy [23]. The result of this study 
suggests that their patients in general were at lower 
risk for extubation failure than those in the studies of 
Nava et al. [12] and Ferrer et al. [8, 11]. In addition, the 
composition of their patient population, with fewer 
patients with COPD, may also explain the lack of effi-
cacy. The existing data suggest that early use of NIV 
after extubation might be indicated in patients older 

than 65  years, high severity score, heart failure [7] 
or in hypercapnic patients [8, 11]. However, patients 
with underlying chronic respiratory disease are iden-
tified as being at high risk for extubation failure [11]. 
For patients at high risk for extubation failure (patients 
with hypercapnia, COPD, chronic heart failure, or 
other serious comorbidities) who have been receiv-
ing mechanical ventilation for more than 24  h, and 
who have passed an SBT, an official clinical practice 
guideline from the American College of Chest Physi-
cians and from the American Thoracic Society recom-
mend extubation to preventive NIV [24]. Our study 
confirms these data and seems to indicate that nearly 
30% of patients with chronic respiratory disorders, not 
exclusively hypercapnic, will develop respiratory fail-
ure after extubation. Another strength of the present 
trial is to confirm the benefits of prophylactic NIV in 
these patients. However, a subgroup analysis shown 
that, in patients without hypercapnia, the randomiza-
tion group was not a predictor of respiratory failure 
after extubation in multivariate analysis. We observed 
the same results in patients with hypercapnia. This can 
be explained by a lack of power.

Table 2  Main outcomes

Significant p values shown in bold

NIV noninvasive ventilation, ICU intensive care unit
a  ICU stay concerned only the time since inclusion in the study, i.e. since the randomization, after extubation of the patients

Main outcomes Usual care group (n = 72) NIV group (=71) p value

Respiratory failure during the first 48 h after extubation, n (%) 20 (27.8) 6 (8.5) 0.0016
Main causes of respiratory failure during the first 48 h after extubation, n

 Excessive respiratory secretions 6 1

 Upper airway obstruction 1 2

 Cardiac failure 4 0

 Respiratory failure with hypercapnia 9 3

Time elapsed from extubation to respiratory failure after extubation, n

 ≤24 h 16 2

 [24–48 h] 4 4

 [48–72 h] 0 2

 >72 h 4 4

All respiratory failure after extubation, n (%) 24 (33) 12 (17) 0.01
Reintubation, n (%) 13 (18.1) 6 (8.5) 0.09

ICU staya, d (IQR) 3 (2–6) 4 (2–7) 0.008
Intensive care unit mortality, n (%) 6 (8.3) 2 (2.8) 0.28

Mortality at 90 days, n (%) 11 (15.3) 7 (9.9) 0.33

Causes of death within 90 days after entry to the study

 Respiratory failure 3 2

 Shock/multiple organ failure 4 2

 Cardiac arrest 2 1

 Other 2 1

 Not determined 0 1
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Mortality
In our study, neither ICU mortality rate nor the 90-day 
mortality rate were reduced with NIV. The reintuba-
tion rate of each group was similar compared with the 
difference in rate of respiratory failure after extubation 
between groups suggesting a protective effect of NIV as 
rescue therapy. In the study performed by Ferrer et  al. 
in hypercapnic patients, the 90-day mortality rate was 
reduced with NIV. The authors provide several relevant 
explanations: only few patients from the NIV group 
needed reintubation; differences in mortality between 
groups arose later after discharge from the ICU, sug-
gesting a long-term benefit of NIV [25]. We have not 
observed the same results. Our patients are likely to 
be less severe, not exclusively hypercapnic. Indeed, 

Table 3  Univariate and multivariate analysis

Significant p values shown in bold

NIV noninvasive ventilation, APACHE II acute physiology and chronic health evaluation II score
a  Missing data: age (n = 1), Apache II (n = 2), cardiac failure (n = 2), hypercapnia (n = 5)

Univariate analysis Multivariate analysis

Odds ratio (95% CI) p value Adjusted odds ratio (95% CI) p value

Predictors of respiratory failure after extubation (n = 133a)

 NIV group (ref: usual care) 0.24 (0.08–0.61) 0.002 0.22 (0.07–0.60) 0.005
 Age (ref: ≤65 years) 2.11 (0.90–5.20) 0.09 1.8 (0.69–0.60) 0.23

 Apache II (ref: ≤12) 2.77 (1.13–7.09) 0.03 2.29 (0.88–6.19) 0.09

 Cardiac failure (ref: no) 1.26 (0.45–3.23) 0.64 1.03 (0.34–2.86) 0.96

 Hypercapnia (ref: no) 2.90 (1.18–7.26) 0.02 4.56 (1.59–14.00) 0.006
Predictors of respiratory failure after extubation in patients without hypercapnia (n = 89a)

 NIV group (ref: usual care) 0.22 (0.04–1.07) 0.06 0.15 (0.01–1.28) 0.08

 Age (ref: ≤65 years) 1.66 (0.46–6.18) 0.43 1.55 (0.34–7.00) 0.57

 Apache II (ref: ≤12) 2.50 (0.61–10.83) 0.20 1.76 (0.41–7.66) 0.45

 Cardiac failure (ref: no) 1.71 (0.41–6.31) 0.43 1.55 (0.34–7.06) 0.57

Predictors of respiratory failure after extubation in patients with hypercapnia (n = 44a)

 NIV group (ref: usual care) 0.22 (0.05–0.84) 0.03 0.26 (0.05–1.13) 0.08

 Age (ref: ≤65 years) 4.29 (1.08–21.9) 0.05 2.98 (0.56–19.27) 0.22

 Apache II (ref: ≤12) 1.70 (0.47–6.67) 0.43 1.22 (0.23–6.67) 0.81

 Cardiac failure (ref: no) 0.79 (0.10–4.07) 079 0.75 (0.09–4.52) 0.77

Predictors of reintubation (n = 133a)

 NIV group (ref: usual care) 0.42 (0.14–1.13) 0.10 0.33 (0.08–1.12) 0.09

 Age (ref: ≤65 years) 1.04 (0.39–2.76) 0.93 0.73 (0.20–2.57) 0.63

 Apache II (ref: ≤12) 5.51 (1.82–20.48) 0.005 4.33 (1.26–17.90) 0.03
 Cardiac failure (ref: no) 0.58 (0.13–1.88) 0.40 0.48 (0.07–2.09) 0.38

 Hypercapnia (ref: no) 2.55 (0.91–7.31) 0.07 3.60 (1.07–13.31) 0.04
Predictors of 90-days mortality (n = 133a)

 NIV group (ref: usual care) 0.61 (0.21–1.64) 0.33 0.68 (0.21–2.12) 0.51

 Age (ref: ≤65 years) 2.59 (0.94–7.86) 0.07 2.43 (0.75–8.78) 0.15

 Apache II (ref: ≤12) 5.51 (1.82–20-48) 0.005 4.89 (1.50–19.18) 0.01
 Cardiac failure (ref: no) 1.31 (0.39–3.80) 0.64 0.71 (0.17–2.51) 0.62

 Hypercapnia (ref: no) 0.58 (0.16–1.75) 0.36 0.41 (0.10–1.40) 0.18

Fig. 2  Kaplan-Meier 90-day survival curve
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hypercapnia is associated with poor survival in mechani-
cally ventilated patients particularly when no ventilatory 
support is provided after extubation [26, 27]. Another 
explanation, probably the most logical, is the fortuitously 
low number of deaths.

Reintubation
In our study, reintubation did not differ significantly 
between groups. Indeed, patients who did not require 
immediate reintubation escaped from reintubation after 
NIV was used as rescue therapy. Thille et al. performed 
a recent before–after study to assess the impact of a pro-
phylactic NIV protocol on reintubation in a population 
of at-risk patients [28]. The reintubation rate was signifi-
cantly decreased from 28% in the control cohort to 15% 
in the NIV cohort. However, as expressed by the authors, 
many changes may have impacted the reintubation rate 
such an improvement in the process of weaning or the 
use of NIV as rescue therapy.

NIV as recue therapy
There is some evidence that reintubation and prolonga-
tion of mechanical ventilation adversely affect survival 
independently of the underlying illness severity [6, 11]. In 
a large case-series study of planned extubation, Fructos-
Vivar et al. showed that reintubation was independently 
associated with ICU mortality [6]. Results are disappoint-
ing in patients in whom NIV was used as rescue therapy, 
i.e. after they developed respiratory failure [29–31]. In 
our study, 20 patients, who developed respiratory failure 
after extubation but who did not need immediate rein-
tubation, received NIV as rescue therapy. This strategy 
makes sense, because it has been consistently shown that 
patients with chronic pulmonary disease benefit from 
NIV [18, 32]. However, this remains a high-risk situation. 
Indeed, NIV used to avoid reintubation was successful in 
a few patients (7/17) in the usual care group and ineffec-
tive in the preventive NIV group (0/3). We can reasonably 
assume that some patients would have been reintubated 
for respiratory failure after extubation if NIV was not 
applied as rescue therapy. These positive results with NIV 
as rescue therapy confirm those previously reported, par-
ticularly in patients with chronic respiratory disease [8, 
11, 17], although reintubation after rescue therapy with 
NIV occurred later than direct reintubation in our study. 
ICU mortality rate of patients who were reintubated 
directly (3/6 patients) was similar to that of patients who 
were reintubated after failure of rescue therapy with NIV 
(5/13 patients).

Sequential use of NIV
Most of the studies about preventive use of NIV after 
extubation performed the technique in a continuous way 

during a duration from 12 to 24 h [8, 11, 23, 33, 34]. In 
those studies, the facial skin was assessed regularly every 
4 h to prevent damage from the face mask. Although in 
these studies NIV’ tolerance was satisfactory, in the study 
performed by Ferrer et  al., 10% of patients assigned to 
continuous NIV for 24  h after extubation tolerated the 
procedure for only 6  h or less [11]. Some authors have 
emphasized that NIV is not easily accepted by patients 
with acute respiratory failure [35, 36]. This explains at 
least partly why in many studies the objectives of either 
continuous ventilation or prolonged periods of ventila-
tion have not been achieved. We chose a different strat-
egy, because NIV was applied following the so-called 
sequential protocol proposed by Hilbert et  al. [13]. All 
the goals of NIV can also be achieved by a sequential use, 
and in our study tolerance of NIV was excellent with no 
specific complication.

Duration of NIV and late post‑extubation failure
In ARF in patients with chronic respiratory disease, the 
mean number of hours of treatment per day is close to 
8  h [37–39]. In most of the studies about the preven-
tive use of NIV after extubation, the number of hours 
of treatment was paradoxically much more important, 
even though it is a preventive process in patients who 
are not in ARF. Our protocol of ventilation is appreci-
ated by our nursing staff and it has not been necessary 
to modify the organization of our unit. Another point to 
discuss is the interest to perform NIV for 48  h in post-
extubation. This attitude make sense, because roughly 
20% of those patients who developed a respiratory failure 
did so on the second day after extubation. However, only 
four patients in each group developed respiratory failure 
the second day after extubation. Taking into account the 
small sizes of those subgroups, it is difficult to conclude 
to the interest to perform NIV for 48  h in post-extuba-
tion. Nevertheless, the tolerance to NIV was high and the 
rate of complications low, in keeping with our previous 
experiences. Giving the fact that NIV was maintained for 
2 days, its suspension may have caused a relapse of acute 
respiratory failure. Indeed six patients in the NIV group 
versus four in the usual care group developed a late res-
piratory failure. It seemed difficult to compare those data. 
In addition, it could be questionable to establish a link 
between late failure and extubation.

High flow nasal cannula
Another point to discuss is the role of high-flow nasal 
cannula at the light of the recent randomized trials. 
Among extubated patients at low risk for reintubation, 
the use of high-flow nasal cannula oxygen compared 
with conventional oxygen therapy reduced the risk of 
reintubation [40]. In patients at risk of post-extubation 
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respiratory failure, Hernandez et al. recently performe a 
multicenter randomized clinical trial to test if high-flow 
oxygen therapy was noninferior to NIV for preventing 
post-extubation respiratory failure [41]. High-flow nasal 
cannula was not inferior to NIV for risk of reintubation. 
As noted by the authors, one possible limitation is the 
criteria used to select patients who were at high risk of 
reintubation. In fact, it could explain the very high and 
unusual percentage (close to 40%) of post-extubation res-
piratory failure in the NIV group.

Limitations of the study
Several limitations of our study should be acknowledged. 
It was not possible to conduct a double-blind investiga-
tion. Despite clearly predefined evaluation criteria, inter-
ventional procedure and clinical decisions during the 
trial, it was not possible to entirely control this bias. The 
use of rescue NIV in cases of post-extubation ARF might 
have contributed to reduce the difference in patient out-
comes between the two groups. Nevertheless, it seemed 
difficult not to offer to the patients the opportunity of 
rescue NIV before having to reintubate. Patients in the 
usual care group presented more underlying diseases 
than in the NIV group. Nevertheless, there was no sig-
nificant statistical difference. This lack of difference 
could be due to the small size of both populations. The 
present study was conducted in centers with experience 
with NIV. This factor could have affected the success of 
this technique. In our opinion, a skilled staff is crucial to 
apply the technique with efficiency and security in the 
post-extubation period.

Conclusion
Early NIV performed following a sequential protocol, for 
the first 48 h after extubation, decreases risk of respira-
tory failure in patients with chronic respiratory disorders. 
However, the rate of reintubation and mortality did not 
change between groups. A broader future study should 
be performed to try to demonstrate stronger benefits of 
NIV after extubation in patients with chronic respiratory 
disorders. This trial confirms the effectiveness of NIV in 
this clinical setting. Our result should support the imple-
mentation of NIV in clinical practice to manage the post-
extubation period in these patients.
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