
INTRODUCTION

There is growing evidence that noninvasive ventila-
tion (NIV) helps wean patients with chronic respiratory 

disease, mainly chronic obstructive pulmonary disease, 
off mechanical ventilation [1-3]. A recent meta-analysis 
found that NIV could be superior to the conventional 
weaning strategy, particularly in selected patients who 
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Objective  To report successful cases of extubation from invasive mechanical ventilation at our institution using 
pulmonary rehabilitation consisting of noninvasive ventilation (NIV) in neuromuscular patients with experience 
of reintubation.
Methods  Patients who experienced extubation failure via the conventional weaning strategy but afterwards 
had extubation success via NIV were studied retrospectively. Continuous end-tidal CO2 (ETCO2) and pulse 
oxyhemoglobin saturation (SpO2) monitoring were performed. Extubation success was defined as a state not 
requiring invasive mechanical ventilation via endotracheal tube or tracheotomy during a period of at least 5 days. 
Results  A total of 18 patients with ventilatory failure who initially experienced extubation failure were finally 
placed under part-time NIV after extubation. No patient had any serious or long-term adverse effect from NIV, and 
all patients left the hospital alive.
Conclusion  NIV may promote successful weaning in neuromuscular patients with experience of reintubation.
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exhibit an exacerbation of chronic obstructive pulmo-
nary disease [4].

However, the efficacy of NIV in patients with weaning 
failure has not been formally assessed in a large case 
study, particularly for patients with ventilatory failure. 
Weaning often fails for mechanically ventilated patients 
who have chronic ventilatory failure from various causes. 
These include neuromuscular diseases (NMD), which 
can cause respiratory muscle weakness and result in 
gradual hypercapnia [5,6]. Acute illnesses, such as pneu-
monia or pulmonary embolus, may increase the respira-
tory workload, which can induce decompensation of the 
respiratory muscle in patients with chronic ventilatory 
failure. Such complications eventually require endotra-
cheal intubation and invasive mechanical ventilation. 
The decision to extubate patients and wean them from 
mechanical ventilation is much more challenging when 
patients have advanced respiratory muscle weakness not 
bearable whole respiration already or develop repeated 
respiratory muscle fatigue. In some cases, extubation 
fails repeatedly, requiring the patients to undergo trache-
otomy and prolonged invasive mechanical ventilation. A 
previous study demonstrated that when NIV is used on 
invasively mechanically ventilated NMD patients who 
cannot breathe autonomously and have low vital capacity 
(VC), it prevents reintubation, and eventually most such 
patients become dependent on NIV [7].

The purpose of this study was to ascertain whether NIV 
promotes successful weaning in neuromuscular patients 
with ventilatory failure. We focused on patients with ex-
perience of reintubation.

MATERIALS AND METHODS

Subjects
Study subject identification and definition of weaning 

failure 
All patients who were admitted to Gangnam Sever-

ance Hospital from March 1, 2001, through December 
30, 2013, and who experienced extubation failure by the 
conventional weaning strategy and reintubation, were 
identified by a retrospective chart review. Included pa-
tients were those who had been extubated in conjunction 
with NIV support and could maintain normal ventilation 
by routine daily use of NIV for 7–16 hours (part-time non-
invasive aid) for at least 5 days after extubation without 

progressing to tracheotomy [8,9]. 
Weaning failure from invasive mechanical ventilation 

was defined as post-extubation respiratory failure in the 
5-day period after discontinuation of invasive mechanical 
ventilation through endotracheal intubation. Respiratory 
failure was defined as follows: (1) respiratory acidosis (ar-
terial pH of 7.35 or less with PaCO2 of 45 mmHg or more); 
(2) arterial O2 saturation by pulse oximetry less than 90% 
or PaO2 less than 60 mmHg at an inspired O2 fraction of 0.5 
or more; (3) respiratory frequency exceeding 35/min; (4) 
decreased consciousness, agitation, or diaphoresis; and 
(5) clinical signs suggestive of respiratory muscle fatigue 
and/or increased work of breathing, such as the use of 
respiratory accessory muscles, paradoxic motion of the 
abdomen, or retraction of the intercostal spaces [2]. 

If at least two of these occurred, the patients were re-
turned to invasive mechanical ventilation with reintuba-
tion.

NIV application modalities
After complications that significantly worsened the re-

spiratory function of the patients (e.g., pneumonia) were 
solved, the patients were extubated directly to NIV sup-
port. They also had to be clinically stable at the time of 
extubation. NIV was provided via a combination of nasal 
or oronasal interfaces. The correct mask size was chosen 
for each patient on initiation of NIV. Initially, NIV was ad-
justed to maintain SpO2 greater than or equal to 95% and 
ETCO2 less than 40 mmHg in ambient air [7,10]. These 
initial settings and the type of mask were secondarily ad-
justed to assure the comfort and tolerance of the patient 
and to compensate for any air leaks. Thereafter, the NIV 
settings were adjusted to the gas analysis data and the 
continuously monitored SpO2 and ETCO2 levels, which 
were measured by Dash (Dash 400 Patient Monitor; GE 
Healthcare, Milwaukee, WI, USA). NIV therapy was con-
sidered to be successful if reintubation was avoided for at 
least 5 consecutive days after extubation [9,10]. 

Outcome measures
The following data were collected from the case re-

cords: the duration of intubation and hospital stay, num-
ber of extubation failures, underlying condition(s), cause 
of respiratory failure that led to intubation, and compli-
cations during NIV. If available, the VCs and unassisted 
and assisted peak cough flows during hospitalization 
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were recorded. All patients were followed up until hospi-
tal discharge. Our local Ethics Committee approved the 
study protocol (No. 3-2012-0022).

RESULTS

The sample in this study consisted of all 18 patients 
in the study period who required invasive mechanical 
ventilation, underwent extubation according to the con-
ventional weaning strategy, had to be reintubated at least 
once, and were then successfully weaned from the inva-
sive mechanical ventilator by NIV. 

The 18 patients with NMD continued to have lower 
ventilator-free breathing ability and, consequently, had 
to use NIV on a part-time basis. None of the patients had 
undergone NIV before the intubation. None exhibited 

any serious or long-term NIV-related adverse effects. All 
patients left the hospital alive. The average duration of 
hospital stay, i.e., the follow-up period, was 32.1 days. 
The major cause of respiratory failure was pneumonia. 
Table 1 presents the demographic characteristics of the 
18 subjects. 

In eight cases (cases #1, #3, #10, #11, #13, and #16–18), 
NIV was also used as a rescue therapy for impending re-
spiratory failure immediately after the second extubation, 
but these patients exhibited NIV intolerance: anxiety 
and consciousness deterioration. Thus, the first NIV trial 
failed, and the patients were reintubated. Thereafter, NIV 
was attempted again, and this time it succeeded after the 
extubation.

Case #2 failed the first NIV trial 2 days after the second 
extubation because of hemodynamic instability with car-

Table 1. Demographic and clinical characteristics of the subjects 

Case 
no.

Sex/age 
(yr)

Underlying  
conditions

Duration of 
intubation 

(day)

Number of 
extubation  

failure

Cause of mechanical  
ventilation

Duration of  
hospital stay 

(day)
1 M/15 DMD 15 2 Pneumonia 45

2 M/22 DMD 20 2 Pneumonia 30

3 M/21 DMD 10 2 Acute pulmonary edema 33

4 M/13 DMD 11 1 Post-operative 
   respiratory failure

13

5 M/22 DMD 12 2 Pneumonia 25

6 M/18 DMD 19 1 Pneumonia 32

7 F/58 Motor neuron disease 14 3 Post-operative 
   respiratory failure

21

8 M/15 SMA 12 1 Pneumonia 21

9 F/13 Pompe's disease 4 1 Post-operative 
   respiratory failure

12

10 M/37 ALS 14 2 Pneumonia 33

11 M/20 PMD 20 3 Pneumonia 50

12 M/69 ALS 20 1 Pneumonia 42

13 M/12 DMD 4 2 Pneumonia 35

14 F/4 Neuromuscular spine 
   deformity

28 1 Pneumonia 58

15 M/17 DMD 12 2 Post-operative 
   respiratory failure

25

16 M/21 DMD 6 2 Pneumonia 31

17 M/18 DMD 7 2 Pneumonia 38

18 M/17 Neuromuscular spine
   deformity

18 2 Pneumonia 34

DMD, Duchenne muscular dystrophy; SMA, spinal muscular atrophy; ALS, amyotrophic lateral sclerosis; PMD, pro-
gressive muscular dystrophy.
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diac arrest resulting from active upper gastrointestinal 
bleeding. Case #7 had motor neuron disease and, when 
in another hospital, had failed extubation supported 
by NIV in the bi-level positive airway pressure (biPAP) 
mode and the conventional weaning strategy. The sub-
ject showed hypercapnia and hypoxemia despite the NIV 
trial in the biPAP mode. Thereafter, the patient was trans-
ferred in an intubated state to our institution, where NIV 
was initiated in the ACV mode, which is the preferred 
ventilatory mode for NMD patients [8]. In addition, ven-
tilator-free breathing tolerance was assessed by continu-
ous monitoring to find out whether the daytime SpO2 and 
ETCO2 levels were within the normal ventilation status, 
and the patient eventually succeeded extubation. 

The conditions of the remaining eight patients (cases 
#4–6, #8, #9, #12, #14, and #15) were worsened by respi-
ratory complications such as pneumonia and post-op-
erative respiratory failure. This caused the conventional 
weaning strategy to fail once or twice. However, all eight 
patients were successfully extubated to NIV at the first 
trial. 

All of the patients maintained a normal ventilatory 
status (SpO2 and ETCO2) after successful extubation and 

remained stable until hospital discharge. The data on VC 
and peak cough flow as a variable of breathing ability are 
shown in Table 2.

DISCUSSION

The present study assessed whether NIV could help 
wean patients who had ventilatory failure, and who had 
already failed extubation at least once, off of invasive 
mechanical ventilation. Indeed, all such patients were 
discharged.

The reason for our patients’ chronic ventilatory failure 
was NMD, which often induces weakness of the respi-
ratory muscles and results in ventilatory insufficiency 
[11,12]. Indeed, patients with NMD are highly likely to 
progress to invasive mechanical ventilation. In addition, 
atelectasis and pneumonia can complicate the course 
of NMD in these patients and promote their progres-
sion to acute respiratory failure and invasive mechanical 
ventilation. Bach et al. [7] reported that all 155 patients 
with NMD, respiratory muscle weakness, and low VCs 
could be successfully extubated by using NIV. However, 
it should be noted that their study included patients who 

Table 2. Pulmonary and swallowing function of the subjects

Case no.
Swallowing

function
Vital capacity Unassisted PCF  

(L/min)
Assisted PCF

(L/min)mL % of predictive value
1 Oral feeding 540 11.5 130  160

2 Oral feeding 330 8.4 Unmeasurable  85

3 Oral feeding 410 10.5 Unmeasurable  130

4 Oral feeding 310 10.5 Unmeasurable  110

5 Oral feeding 520 13.9 170 340

6 Oral feeding 790 23.1 150  240

7 PEG feeding 900 23.0 180  320

8 Oral feeding 440 16.5 50  200

9 Oral feeding 1,240 35.7 210  280

10 PEG feeding 810 17.7 Unmeasurable  120

11 Oral feeding 360 10.5 Unmeasurable  110

12 Oral feeding 1,300 36.6 280  470

13 Oral feeding 510 16.6 Unmeasurable  140

14 Oral feeding Unmeasurable Unmeasurable Unmeasurable 

15 Oral feeding 600 14.7 100 170

16 Oral feeding 260 5.7 50 160

17 Oral feeding Unmeasurable Unmeasurable  170

18 Oral feeding 870 18.3 220  340

VC, vital capacity; PCF, peak cough flow.
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had no ventilator-free breathing tolerance, whereas our 
study included patients who had already experienced ex-
tubation failure via the conventional weaning strategy. 

NMDs are the most important cause of prolonged 
ventilator dependency, because they result in chronic 
ventilatory failure [13]. Since these patients inevitably 
develop neuromuscular ventilatory insufficiency, com-
plete weaning from mechanical ventilation (i.e., the 
conventional concept of weaning) is usually not possible, 
especially in those who are severely disabled and breathe 
autonomously [7]. A previous study showed that all NMD 
patients can continue with noninvasive ventilation after 
the resolution of acute respiratory failure [14]. Daily NIV 
use is also currently recommended for NMD patients, as 
it was shown to prevent intubation and eventual trache-
otomy [15]. Part-time NIV also facilitates the resumption 
of normal eating by creating ventilator-free time. 

In the current study, all patients with ventilatory failure 
were successfully ventilated and discharged from the 
hospital. Although the first NIV attempt failed in 10 of the 
18 patients, the second NIV led to subsequent extubation 
in all cases. Failed extubation with NIV can result from 
several factors, including the patient’s inability to man-
age respiratory tract secretions, impaired mental status, 
and ineffective cough, with mucus plugging of the large 
airways [7]. In addition, Bach et al. [7] showed that a pre-
intubation NIV experience was a good predictor of extu-
bation success with NIV, probably because the patients 
are able to cooperate with NIV, which is an important 
factor. Indeed, Meduri et al. [16] suggested that person-
nel should undergo some training to optimize the routine 
daily use of NIV. Most of the NIV-intolerant cases in our 
study showed anxiety despite wanting to facilitate the use 
of NIV, probably because of lack of experience with NIV 
prior to the intubation.

Several other studies also suggested that NIV improves 
weaning success by reducing the risk of post-extubation 
respiratory failure [1-3]. However, our study has several 
design advantages. First, unlike the previous studies, 
our study involved only patients with ventilatory failure 
who had already experienced extubation failure. Second, 
NIV-induced weaning was considered successful only if 
reintubation did not occur within the 5-day period after 
extubation, a longer period than that of previous stud-
ies. Third, all patients in the present study were treated 
with NIV in an individualized manner, with a progressive 

method that was fine-tuned to the patient’s condition 
and with continuously measured clinical variables, in-
cluding SpO2 and ETCO2. By contrast, the previous stud-
ies applied NIV with a somewhat uniform fixed protocol. 

Our study has some limitations, including the fact that 
it was an uncontrolled study. Second, the sample size 
was small. Third, there was a relatively short follow-up; 
therefore, the long-term effects of NIV after discharge re-
main unclear.

To our knowledge, this study is the first to review a se-
ries of NMD patients with extubation failure in terms of 
NIV-related extubation success. The present report high-
lights the effectiveness of the NIV strategy, which involves 
continuous monitoring that guides the NIV settings in 
an individualized and progressive manner. This suggests 
that NIV may be useful for NMD patients with ventilatory 
failure.
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