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Abstract
Background: A substantial proportion of patients with neuromuscular disease (NMD) who undergo
positive pressure ventilation via endotracheal intubation for acute respiratory failure fail to pass
spontaneous breathing trials and should be considered at high risk for extubation failure. In our study,
we prospectively investigated the efficacy of early application of noninvasive ventilation (NIV)
combined with assisted coughing as an intervention aimed at preventing extubation failure in patients
with NMD.
Methods: This study is a prospective analysis of the short-term outcomes of 10 patients with NMD who
were treated by NIV and assisted coughing immediately after extubation and comparison with the
outcomes of a population of 10 historical control patients who received standard medical therapy (SMT)
alone. The participants were composed of 10 patients with NMD who were submitted to NIV and
assisted coughing after extubation (group A) and 10 historical control patients who were administered
SMT (group B), who were admitted to a 4-bed respiratory intensive care unit (RICU) in a university
hospital. Need for reintubation despite treatment was evaluated. Mortality during RICU stay, need for
tracheostomy, and length of stay in the RICU were also compared.
Results: Significantly fewer patients who received the treatment protocol required reintubation and
tracheostomy compared with those who received SMT (reintubation, 3 vs 10; tracheostomy, 3 vs 9;
P = .002 and .01, respectively). Mortality did not differ significantly between the 2 groups. Patients
in group A remained for a shorter time in the RICU compared with group B (7.8 ± 3.9 vs 23.8 ±
15.8 days; P = .006).
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Conclusions: Preventive application of NIV combined with assisted coughing after extubation
provides a clinically important advantage to patients with NMD by averting the need for reintubation
or tracheostomy and shortening their stay in the RICU; its use should be included in the routine
approach to patients with NMD at high risk for postextubation respiratory failure.
© 2010 Elsevier Inc. All rights reserved.
1. Introduction

The onset of acute respiratory failure (ARF), in most cases
because of respiratory tract infection, is a crucial event in the
advanced stage of most neuromuscular diseases (NMDs) and
a major cause of death, unless mechanical ventilation (MV)
is used [1-3].

Although noninvasive ventilation (NIV) can be a safer
and more effective alternative to endotracheal intubation
(ETI) in the treatment of neuromuscular ARF [4,5], contra-
indications still remain to the application of NIV in the acute
setting, including respiratory arrest, severe inability to
protect the airway, uncontrollable airway secretions despite
use of noninvasive aids, life-threatening hypoxemia, severe-
ly impaired mental status or agitation, hemodynamic or
electrocardiographic instability, and bowel obstruction [6]. If
a contraindication to NIV exists, positive pressure ventilation
(PPV) via ETI constitutes the approach for treating patients
with ARF who require ventilatory support. Unfortunately,
because of weakness of the inspiratory muscles, inadequate
cough, and inability to handle oropharyngeal secretions, a
substantial proportion of patients with NMD who undergo
invasive PPV fail to pass spontaneous breathing trials (SBTs)
after recovery from the acute illness and should be
considered at high risk for extubation failure [2,7,8]. It
should be emphasized that extubation failure is an outcome
to be avoided because it is independently associated with
increased hospital mortality, prolonged intensive care unit
(ICU) and hospital stay, higher costs, and greater need for
tracheotomy [9]; therefore, strategies preventing this occur-
rence are required.

To avert extubation failure in patients at high risk, recent
studies have evaluated the effectiveness of NIV as a
preventive strategy, concluding that its application can
reduce the need for reintubation and mortality rate in the
ICU and suggesting its early use after extubation in
individuals with chronic respiratory disorders (including
chronic obstructive pulmonary disease, obesity hypoventila-
tion, sequelae of tuberculosis, chest wall deformity, and
chronic persistent asthma), congestive heart failure, and/or
hypercapnia [10-12].

Sporadic case reports and small case series in the literature
have demonstrated that NIV can be successfully applied to
avoid reintubation and tracheostomy in patients with NMD
[13-16]. In addition, a recent, large, noncontrolled study
showed that the standardized use of NIV and cough assist
can lead to effective extubation of almost all “unweanable”
patients with NMD who could not pass an SBT, supporting
the argument that timely provision of inspiratory and
expiratory aids allows for virtual elimination of postextuba-
tion failure in patients with neuromuscular disorders [17].

These encouraging results and the dearth of controlled
clinical studies prompted us to prospectively investigate the
efficacy of a protocol providing early application of NIV
combined with assisted coughing as an intervention aimed at
preventing extubation failure in patients with NMD who
have required ETI for ARF. To this end, we analyzed the
clinical course of 10 subjects with advanced NMD at high
risk for reintubation who were extubated after an episode of
ARF and were submitted to NIV combined with assisted
coughing and compared the results with the outcomes of 10
historical control patients who received standard medical
therapy (SMT) after extubation. In particular, we hypothe-
sized that the early use of NIV plus cough assist might
outperform conventional treatment in terms of need for
reintubation and tracheostomy, mortality, and length of stay
in the ICU.
2. Methods

We compared the short-term outcomes of 10 patients with
NMD extubated after an episode of ARF who were treated
by NIV and assisted coughing after extubation (group A)
with the outcomes of a population of 10 historical control
patients who received SMT alone after extubation (group B).
The patients gave their informed consent to the application of
NIV and assisted coughing; those younger than 18 years
reached this decision in accordance with their parents. The
study was approved by the institutional review board.

2.1. Patients

Ten consecutive patients with NMD admitted to the
respiratory ICU (RICU) of the City Hospital of Padova
between January 2008 and April 2010 who had been
intubated and ventilated for more than 48 hours and who
were considered at high risk for developing postextubation
respiratory failure were recruited (group A). The diagnoses
were based on standard clinical, enzymatic, electromyo-
graphic, DNA, and biopsy data.

The ability to cough was assessed using the measurement
of peak cough expiratory flow (PCEF) obtained from
pulmonary function testing done in stable clinical conditions
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within 6 months of admission; an unassisted PCEF level of
less than 160 L/min was considered ineffective to clear
airway secretions [18].

The degree of swallowing impairment was evaluated by
the Gilardeau score (GS), which provides a functional
classification of deglutition impairment in patients with
NMD, taking into account the type of food involved and
ranging from stage 0 (“no difficulty”) to stage 4 (“great
difficulty”) [19]; GS was calculated before intubation.

Inclusion criteria were the following:

1. Diagnosis of NMD
2. MV via ETI more than 48 hours after an episode of ARF
3. Successful SBT plus 1 or more of the following high-risk

conditions:
◦ More than 1 consecutive extubation failure before the
admission to our unit;

◦ Ineffective cough defined as PCEF less than 160 L/min;
◦ Mild to considerable swallowing impairment defined as
stage 1 to 3 at GS;

◦ Hypercapnia (PaCO2, N45 mm Hg) during the SBT.

Weaning from MV was performed according to stan-
dardized protocols, although not specifically designed for
patients with NMD, using gradual daily reduction of pressure
support. Spontaneous breathing trial consisted of a period of
breathing through the endotracheal tube without ventilator
support (use of a pressure of less than 8 cm of water) [20]. A
weaning trial was done once the patient had reached a phase
of clinical stability and met the following criteria: absence of
excessive tracheobronchial secretions; resolution of acute-
phase disease for which the patient was intubated; stable
cardiovascular status; stable metabolic status; absence of
hyperthermia, adequate mentation, adequate oxygenation
(arterial oxygen saturation [SaO2] N90% on fraction of
inspired oxygen b0.4 or PaO2/fraction of inspired oxygen
N150 mm Hg) with an external positive end-expiratory
pressure of less than 5 cm H2O [20].

In accordance with published criteria, the patients able to
tolerate the SBT for 2 hours were extubated [21]. Extubation
was contraindicated in the presence of severe swallowing
impairment, as expressed by stage 4 at GS, because of the
excessive risk of aspiration.

The presence of a facial deformity sufficient to affect
mask fitting constituted an exclusion criterion.

The control group (group B) consisted of 10 historical
controls consecutively admitted to our RICU between January
2004 and December 2006. Patients admitted in 2007 could not
be considered because of the lack of availability of clinical
records. Patients in group B were affected with NMD and had
developed ARF requiring intubation and prolonged MV; they
received SMT alone after extubation. The SMT included the
following: (1) oxygen therapy delivered to achieve SaO2
N92%; (2) conventional chest physical treatments usually
consisting of (a) postural drainage, (b) chest compression and/
or abdominal thrust, and (c) nasotracheal and/or oral
suctioning, when needed; and (3) standard pharmacologic
treatment, decided by the attending physicians. Two patients
who presented hypercapnia after extubation had been
administered NIV during nighttime. None of the control
patients were subsequently enrolled as a study patient.

Baseline characteristics of the 2 groups at the time of
admission in the RICU are compared in Tables 1 and 2. The
following data were recorded: anthropometrics, baseline
diagnosis, diagnosis related to ARF, number of chronic
nonrespiratory comorbidities [22], severity of illness
assessed using the Acute Physiology and Chronic Health
Evaluation (APACHE) II score [23], degree of swallowing
impairment (GS) [19], number of respiratory hospitalizations
during the 2 years preceding admission, forced vital capacity
(FVC) and PCEF obtained from pulmonary function testing
done within 6 months of admission, and arterial blood gas
(ABG) tensions from the radial artery by means of a blood
gas analyzer (Rapidpoint 405; SIEMENS AG, Munich,
Germany) during spontaneous breathing with supplemental
oxygen. Supplemental oxygen therapy had in most cases
been initiated during transport of the patients to the RICU.

Immediately before extubation, respiratory rate, heart
rate, ABG values, and SaO2 were recorded. These parameters
are listed in Table 3.

If needed, the time and reason for reintubation were
recorded. All patients were followed-up until discharge from
the RICU. The length of stay in the RICU and the vital status
at time of discharge were recorded.

2.2. Protocol

2.2.1. Noninvasive ventilation
Noninvasive ventilation was delivered immediately after

extubation by an ICU ventilator using the assist/control
mode. At the start of MV, the ventilator was adjusted to
obtain a VT of 10 to 12 mL/kg and a respiratory rate of less
than 25 breaths/min; the ventilator setting was then read-
justed based on measurements of ABG, with the goal of
maintaining satisfactory gas exchange, that is, SaO2 greater
than 92%, with PaCO2 less than 45 mm Hg and pH greater
than 7.35. Supplemental oxygen was delivered when
necessary to raise SaO2 above 92%; external positive end-
expiratory pressure was never added. A full face mask was
used on all the patients to start NIV and then, in some cases,
substituted by a nasal one after the first few hours of
ventilation. Colloid dressings were placed on the major
pressure points to minimize skin injury.

Noninvasive ventilation was initially delivered continu-
ously, except for brief periods of “rest” (30-60 minutes), to
allow the patients to receive dietary liquid supplements,
drink water, and speak. After the first 24 hours, if clinical
conditions and blood gas exchange were satisfactory, the
application of NIV was interrupted by progressively longer
intervals of spontaneous breathing; when necessary, supple-
mental oxygen was delivered during spontaneous breathing
by nasal cannula or a venturi mask, to maintain SaO2 above



Table 1 Anthropometric, clinical, pulmonary function, and blood gas data at study entry and clinical outcome of patients submitted to NIV plus assisted coughing (group A) and control
subjects (group B)

Patient,
n

Type of
NMD

Age
(y)

BMI
(kg/m2)

Etiology of
ARF

APACHE
II

Comor,
n

Hosp,
n

HMV
(h/d)

GS FVC
(L)

PCEF,
(L/s)

Pao2
(mm Hg)

Paco2
(mm Hg)

pH Complications and
outcome

1A DMD 17 15 Aspiration bronchitis 11 2 0 0 1 0.66 1.27 129 ⁎ 94 7.21 TBM, trach, discharged
2A CM 17 18 Aspiration pneumonia 14 2 1 7 3 NA NA 85 ⁎ 54 7.36 inhalation, trach, discharged
3A MG 46 24.8 Myasthenic crisis 9 3 1 0 1 1.22 2.52 91 ⁎ 111 7.21 Success

Group A 4A SMA 42 12.9 Pneumonia 14 2 1 0 3 0.26 0.66 75 ⁎ 44 7.36 Nose abrasion, Success
5A LGMD 30 32 Pneumonia 7 0 0 10 0 1.42 4.25 75 ⁎ 46 7.32 Nose abrasion, Success
6A CM 21 22.2 Pneumonia 24 3 1 8 3 NA NA 63 82 7.20 Inhalation, trach, discharged
7A DMD 14 22 Pneumonia 12 0 2 10 0 0.21 0.59 61 35 7.49 Success
8A CM 10 15 Pneumonia 6 1 0 8 1 0.74 0.86 162 ⁎ 115 7.05 Success
9A DMD 18 24 Bronchitis 11 2 1 0 0 0.66 2.33 135 ⁎ 79 7.20 Success
10A DMD 16 26 Pneumonia 11 0 1 10 0 0.68 1.86 94 ⁎ 79 7.29 Success

1B NM 27 11 Pneumonia 8 1 0 0 0 0.69 2.99 31 65 7.32 ETI, trach, discharged
2B FSHMD 57 20.3 Heart failure 12 1 0 0 0 NA NA 36 90 7.20 HF, ETI, died
3B DMD 23 18 Bronchitis 8 1 3 12 3 1.14 3.08 69 39 7.36 ETI, trach, discharged

Group B 4B AMD 35 17 Fever, ARMW 11 0 1 0 2 0.75 0.86 101 ⁎ 64 7.32 ETI, trach, discharged
5B ALS 78 21.2 Pneumonia 18 1 2 10 3 NA NA 151 ⁎ 107 7.09 ETI, trach, discharged
6B DMD 14 16 Bronchitis 20 2 0 8 0 NA NA 99 ⁎ 64 7.32 ETI, trach, discharged
7B DMD 14 23.3 Bronchitis 8 1 2 8 2 0.65 1.12 86 ⁎ 48 7.34 ETI, trach, pneumonia, died
8B DMD 32 24.2 Pneumonia 5 1 0 12 3 1.39 2.40 103 ⁎ 31 7.45 Success
9B DMD 25 10.2 Pneumonia 10 1 1 9 1 0.29 0.73 55 57 7.45 Success
10B MD 44 30 Pneumonia 10 2 1 9 2 0.98 1.55 60 71 7.38 Success

BMI indicates body mass index; DMD, Duchenne muscular dystrophy; ALS, amyotrophic lateral sclerosis; SMA, spinal muscular atrophy; MG, myasthenia gravis; LGMD, limb girdle muscular dystrophy; NM,
nemaline myopathy; FSHMD, facioscapulohumeral muscular dystrophy; AMD, acid maltase deficiency; CM, congenital myopathy; MD, myotonic dystrophy; ARMW, acute respiratory muscle weakness; trach,
tracheostomy; comor, comorbidity; hosp, hospitalization; NA, not available.

⁎ Supplemental oxygen therapy.
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Table 2 Anthropometric, clinical, pulmonary function, and
blood gas data at admission to RICU in patients submitted to
NIV plus assisted coughing (group A) and to SMT (group B)

Group A Group B P

No. of subjects 10 10 –
Age (y) 23 ± 12.19 35 ± 20 .12
BMI (kg/m2) 21.9 ± 5.87 19.1 ± 6.0 .30
Sex (male; female) 5; 5 7; 3 .240
Diagnosis related to ARF, n
Pneumonia 7 5 .64
Bronchitis 2 3 .64
Heart failure – 1 1
Other 1 1 1
APACHE II 12 ± 4,99 11 ± 5 .659
Comorbidities, n 1.5 ± 1.17 1 ± 0.42 .219
GS 1.2 ± 1.31 1.6 ± 1.26 .56
Hospitalizations
in 2 y, n

1 ± 0.63 1 ± 1.05 1

Patients previously
administered HMV, n

6 7 .74

HMV use (h/d) 5.3 ± 5.1 6.8 ± 6.1 .35
FVC (L) 0.73 ± 0.41 0.84 ± 0.36 .53
PCEF (L/min) 1.79 ± 1.23 1.81 ± 0.99 .96
Pao2 (mm Hg) 97 ± 33.83 79 ± 36.33 .26
Paco2 (mm Hg) 74 ± 28.22 64 ± 26 .42
pH 7.27 ± 0.12 7.34 ± 0.13 .22
Oxygen saturation (%) 95 ± 2.58 95 ± 3 1

Values are expressed as mean ± SD.

Table 3 Clinical and blood gas data at the time of extubation
and outcomes of patients submitted to NIV plus assisted
coughing (group A) and to SMT (group B)

Group A Group B P

Reason to be considered at risk for reintubation, n
N1 consecutive
extubation failure

3 5 .48

Ineffective cough 4 5 .61
Swallowing impairment 5 3 .65
Hypercapnia
(Paco2 N45 mm Hg)

7 2 .07

Respiratory rate
(breaths/min)

17.0 ± 4.1 17.6 ± 4.6 1

Heart rate (beats/min) 104.7 ± 11 117.3 ± 8.7 .01
PaO2 (mm Hg) 88 ± 31 97 ± 44 .60
PaCO2 (mm Hg) 50 ± 13.5 41 ± 13 .14
pH 7.43 ± 0.04 7.43 ± 0.09 1
Oxygen saturation (%) 96 ± 3.8 96 ± 3 1
Reintubation, n 3 10 .002
Tracheostomy, n 3 9 .010
Death, n 0 2 .235
ICU stay (d) 7.8 ± 3.9 23.8 ± 15.8 .0061

Values are expressed as mean ± SD.
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92%. In all cases, nocturnal ventilation via nasal mask was
continued until discharge from the RICU.

2.2.2. Assisted coughing
The following techniques were used to improve ability to

clear secretions, depending on the patient's clinical status
and level of cooperation:

1. Manually assisted coughing, to provide an optimal
insufflation followed by an abdominal thrust in conjunction
with the patient's coughing efforts. The ICU ventilator was
used for delivering the deep insufflations. Patients were
taught to maximally expand their lungs by “air stacking”
(retaining consecutive) ventilator delivered volumes; once
air stacked, the abdominal thrust was provided [24].

2. Mechanically assisted coughing (Mech-AC), delivered
in the presence of stiffness of the chest wall (ie, severe
thoracic deformity or obesity) and to uncooperative patients
unable to fully perform air stacking. A mechanical device
(Pegaso Cough; DIMA Italia, Bologna, Italy) was applied via
a face mask, based on the simple principle of releasing
alternating positive and negative pressure across the airway
opening. It consists of a 2-stage axial compressor that
provides positive pressure to the airway then rapidly shifts to
negative pressure, thereby generating a forced expiration.
The insufflation and exsufflation pressures and timing were
independently adjusted according to efficacy and patient
tolerance; generally, pressures between +30 and−40 cm H2O
were applied [25]. Although the Pegaso device has not been
widely studied, its comfortable and successful application
has been reported in the scientific literature [26].

Typically, a session of assisted coughing was provided
whenever the SaO2 level decreased, ventilator peak inspira-
tory pressure increased, or the patient had an increase in
dyspnea or sense of retained secretions. Treatments were
usually repeated until 1 or more of the following were
observed: reduction in dyspnea, reduction in respiratory rate,
sputum elimination, improved breathing sounds, increased
percussion resonance, and increased SaO2 level. Manually
assisted coughing and Mech-AC were usually administered
by a respiratory therapist except during weekends, when only
trained nonprofessional caregivers (ie, patient's home care
attendant, a family member, residents) were available. The
daily treatment frequency was recorded on a diary by nurses.

2.2.3. Criteria for reintubation
The decision to perform ETI was made by the patient's

treating physician, according to the criteria usually used for
patients developing postextubation respiratory failure; in
particular, patients were reintubated if they met at least 1 of
the following criteria: (a) respiratory acidosis (pH b7.35with a
PaCO2 N45 mm Hg or, in the presence of hypercapnia at the
time of extubation, a PaCO2 increase of N15%); (b) hypoxemia
(ie, SaO2 to b85%, despite the use of a high fraction of inspired
oxygen); (c) a significant increase in respiratory rate; (d)
changes in mental status, rendering the patient unable to
tolerate NIV; (e) clinical signs of respiratory muscle fatigue
(use of accessory muscles, inward movements of the abdomen
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during inspiration); (f) severe dyspnea; and (g) copious
secretions that could not be adequately cleared or that were
associated with acidosis, hypoxemia, or changes in mental
status [27]. Endotracheal intubation was also promptly
performed in emergency situations such as coma, cardiac or
respiratory arrest, or severe hypotension despite adequate
volume challenge, the use of vasopressors, or both.

The treating physician recorded the single most relevant
cause of reintubation and the total days of RICU stay.

2.2.4. Study end points and statistical analysis
The primary end point was need for reintubation in the

RICU. Secondary end points were tracheostomy, death, and
length of stay in the RICU.

A sample size estimation with a type I error of 0.05 and a
power of 90% determined that a significant clinical difference
in need for reintubation would be detected with a minimum of
10 subjects per group based on an expected difference in
clinical outcome of 0.7 between the study and the control
groups. The Fisher exact test was used to compare categorical
variables (need for reintubation, tracheostomy, and death),
and the Student t test was used to compare continuous
variables (anthropometric data, degree of dysphagia, pulmo-
nary function and blood gas data at study entry and at the time
of reintubation, and length of stay in the RICU).
3. Results

Sixteen patients with NMD were considered to be at high
risk for postextubation respiratory failure and, therefore, eligible
for the study. Six of the patients were excluded because of
severe swallowing impairment contraindicating extubation, and
the remaining 10 patients were recruited. All of the excluded
patients were affected by amyotrophic lateral sclerosis.

Table 1 lists diagnoses, anthropometrics, etiologies ofARF,
APACHE II score, number of comorbidities, GS, number of
hospitalizations, previous use of noninvasive home mechan-
ical ventilation (HMV), FVC and PCEF (obtained 5.6 ±1.2
months prehospitalization), ABG obtained before intubation,
and complications and outcomes of the individual subjects. All
of the subjects (except for case 4B) were wheelchair bound.
Severe respiratory tract infection (bronchitis or pneumonia)
was the most common cause of acute decompensation in both
groups; subject 2B presented with heart failure at admission.
Supplemental oxygen therapy initiated during transport to our
RICU might have contributed to the worsening of respiratory
acidosis in 8 of the patients in group A and 5 in group B. There
were no significant differences between groups A and B in any
of the parameters noted in Table 2.

The response to NIV plus assisted coughing in compar-
ison with SMT is reported in Table 3. In group A, all of the
patients tolerated the application of NIV as required by the
protocol; patients 4A and 5A developed nose-skin abrasion
but did not discontinue therapy. The number of assisted
coughing sessions per day ranged from 2 to 6 (mean, 4 ±
1.1), including treatments administered by nonprofessional
care providers. Mechanically assisted coughing was admin-
istered to patients 2A, 4A, and 6A because of inability to
perform the air-stacking maneuver. In group B, patients 4B
and 9B received NIV during nighttime in addition to SMT.

Patients receiving the treatment protocol showed a signifi-
cantly reduced need for reintubation and tracheostomy
compared with those who received SMT alone (reintubation,
3 vs 10; tracheostomy, 3 vs 9; Fisher exact P value = .002 and
.01, respectively). Mortality did not significantly differ in the 2
groups (0 vs 2; Fisher exactP value = .235). In addition, patients
in group A stayed for a shorter time in the RICU compared with
group B (7.8 ± 3.9 vs 23.8 ± 15.8 days; P = .006).

Among patients in group A, the treatment protocol failed in
cases 1A, 2A, and 6A. Patient 1A initially remained stable but,
after 24 hours, began to rapidly deteriorate, showing clinical
signs of respiratory muscle fatigue, and was intubated because
of worsening respiratory acidosis. Bronchoscopic examination
performed immediately after ETI showed a narrowing of the
airway lumen in the sagittal diameter and an excessive
expiratory collapse of the trachea and mainstem bronchi
consistent with tracheobronchomalacia (TBM). He was then
tracheostomized. Patients 2A and 6A experienced persistent
inhalation of saliva and sputum retention within 24 hours of
extubation, resulting in severe oxyhemoglobin desaturation
and the need for repeated bronchoscopic assisted aspiration.
Both patients were intubated to protect their airways and
subsequently underwent placement of both a gastrostomy tube
for enteral feeding and a tracheostomy. The remaining 7
patients in group A had an uncomplicated clinical course and
were discharged from the RICU on nocturnal-only NIV.

All the patients in group B had to be reintubated. Five
patients (1B, 4B, 6B, 9B, and 10B) underwent ETI because of
worsening respiratory distress, as indicated by severe dyspnea,
clinical signs of respiratory muscle fatigue, and derangement
of ABG; after intubation, they failed to wean from MV and
were tracheostomized. Patient 2B was reintubated because of
severe hypotension and died on the ninth day after intubation
as a consequence of cardiac failure. Patients 3B and 5B were
reintubated and then tracheostomized because of inability to
adequately protect the upper airwaywith repeated aspiration of
saliva causing severe oxyhemoglobin desaturation. Patients
7B and 8B were administered ETI within a few hours after
extubation because of difficulty in breathing, agitation, and
anxiety and were tracheostomized; patient 8B subsequently
died as a consequence of unresolved pneumonia, complicated
by irreversible septic shock.
4. Discussion

This is the first time, to our knowledge, that the efficacy of
early application of NIV combined with assisted coughing in
preventing postextubation respiratory failure in patients with
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NMD who passed SBTs has been prospectively evaluated in
a controlled study. Our results demonstrate that this
treatment protocol is effective in averting the need for
reintubation or a tracheostomy and reducing the duration of
ICU stay. Although the use of historical controls is a
scientific limitation of our study, it is important to note that,
except for the application of NIV plus cough assist to group
A, there were no significant changes in personnel or
treatment protocols in our RICU during the study period
that might have influenced the outcomes of the 2 groups.

Once patients with NMD have been intubated, they are at
risk for a series of complications, including ventilator-
associated pneumonia, respiratory muscle atrophy, and
bacteremia [2,28]; for this reason, efforts should be done to
limit the duration of invasive PPV and remove the endotra-
cheal tube as soon as the patient is capable of sustaining
spontaneous breathing. Unfortunately, extubation intolerance
is a common occurrence among patients with NMDwho have
been stabilized on PPV because of weakness of the inspiratory
muscles, leading to incomplete lung expansion and rapidly
progressive hypoventilation, poor cough strength, and inability
of patients to protect their upper airway with the need for
airway suctioning and an increased risk of aspiration and
pneumonia [1,2,7,29]. In particular, impaired ability to expel
secretions is a crucial component of extubation failure: in fact,
Bach and Saporito [18] have reported that all 43 postextubation
patients with NMD with effective cough, as expressed by
PCEF (unassisted or assisted) of more than 160 L/min
remained successfully extubated, whereas all 15 with PCEF
under this level had to be reintubated within 48 hours, the most
likely reason being airway congestion because of the lack of
adequate cough assistance. In addition, patients who had
passed SBT, as in our case, but presented PCEF of 60 L/min or
less were nearly 5 times more likely to fail extubation
compared with those with PCEF higher than 60 L/min [30].

Noninvasive ventilation is increasingly being used to
prevent extubation failure, with recent trials also having
included patients with NMD. In particular, Mayordomo-
Colunga et al [31] delivered “elective” or “rescue” NIV to a
series of 36 children deemed at high risk for extubation failure,
including 14 patients with underlying neurologic conditions.
As a result, a remarkably high proportion of neurologic
patients required reintubation, so that this subgroup was
considered to be at increased risk for extubation failure [31]. In
comparison with this data, the lower incidence of extubation
failure found in our group (3/10 vs 8/14 cases) supports the
view that the combination of NIV plus cough assist may be
more effective than NIV alone. In fact, although prophylactic
use of NIV may unload the weakened respiratory muscles and
augment alveolar ventilation, thereby reducing the work of
breathing and preventing progressive hypoventilation, it does
not substantially enhance airway clearance; as a consequence,
additional provision of expiratory aids may become critical to
avoid complications that evolve from retained secretions,
including atelectasis, secondary infection, and abrupt oxyhe-
moglobin desaturation [32].
Although our protocol has shown the potential to reduce
the need for reintubation and expedite weaning time for NMD
individuals, our success rate was significantly lower
compared with the recent, large experience published by
Bach et al [17]. In our experience, the ventilator-delivered
volumes and the frequency of assisted coughing treatments
were significantly lower than those reported in the study of
Bach et al. Thus, our less aggressive regimen could explain
why our outcomes were less favorable, particularly if we
consider that a number of patients showed baseline SaO2 less
than 95% at the time of extubation; in fact, such a condition
might have been caused by residual airway secretions and has
been reported to increase the rates of extubation failure [33].

This said, we believe that the adverse outcome of a
number of patients also suggests that there are clinical
conditions in which ventilatory and cough assistance may
still be ineffective. In particular, an unsuccessfully treated
child in group A (case 1A) was intubated as a consequence of
TBM causing respiratory distress and acute respiratory
acidosis: according to prior experience, this outcome points
out that TBM can be an unexpected cause of failed
extubation, rendering NIV ineffective and requiring trache-
ostomy or the insertion of an airway stent [34].

In addition, although patients with a clinical history of
substantial deglutition impairment were excluded from our
treatment protocol, patients 2A and 6A had to be reintubated
because of a complete inability to swallow with aspiration of
saliva causing persistent oxyhemoglobin desaturation; this is
similar to published data, which reported the need for a tracheal
tube in patients with NMD showing severe, irreversible
dysphagia causing baseline SaO2 to be less than 95% [35].

On this basis, we can hypothesize that tachypnea, dyspnea,
and continuous NIV after extubation may hamper swallowing
efforts and exaggerate preexisting swallowing difficulties.
Thus, deglutition disorders, although limited, may compro-
mise this treatment protocol, particularly in patients who are
unable to fully adhere to assisted-coughing techniques, and
careful evaluation of deglutition ability should be recom-
mended when deciding to make an extubation attempt in
patients with NMD [36]. It should be emphasized that
switching to mouthpiece NIV during meals has been proposed
to minimize the risk of aspiration: in fact, providing high tidal
volumes (1-1.5 L) by a mouthpiece at a reduced respiratory
frequency could leave the patients enough time to manipulate
food boluses and trigger swallowing between inhalations [37].

Finally, it is noteworthy that our noninvasive approach
allowed most patients to avoid resorting to a tracheostomy.
Given that life satisfaction may be poor for individuals with
NMD who are administered a tracheostomy at the time of a
respiratory crisis and that tracheostomized patients are also
likely to experience greater difficulty in returning home
[38,39], we believe that our protocol also has a positive
impact from an ethical point of view.

In conclusion, the findings of our investigation provide
support for considering preventive use of NIV plus assisted
coughing an effective means to avert the need for
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reintubation in patients with NMD and for including its
application in the routine approach to NMD individuals at
high risk for postextubation respiratory failure. Nevertheless,
we believe that a significant proportion of patients with
NMD, namely, subjects with substantial swallowing dys-
function and inadequate cooperation such as the case of
advanced bulbar amyotrophic lateral sclerosis and some
spinal muscular atrophy type 1, may still encounter particular
difficulties although being liberated from the endotracheal
tube and that patient selection and close monitoring remain
important for successful discontinuation of invasive MV.
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