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Efficacy of Mechanical Insufflation-
Exsufflation in Medically Stable Patients
With Amyotrophic Lateral Sclerosis*

Jesús Sancho, MD; Emilio Servera, MD, FCCP; Juan Dı́az, RN; and
Julio Marı́n, MD, FCCP

Objective: To determine under what circumstances the use of mechanical insufflation-exsuffla-
tion (MI-E) can generate clinically effective expiratory flows for airway clearance (> 2.7 L/s) for
clinically stable patients with amyotrophic lateral sclerosis (ALS).
Materials and method: Twenty-six consecutive patients with ALS were studied, 15 with severe
bulbar dysfunction. Using a pneumotachograph and with the aid of an oronasal mask, we
measured FVC, FEV1, peak cough flow (PCF), maximum insufflation capacity (MIC), PCF
generated from a maximum insufflation MIC (PCFMIC), and PCF generated by MI-E (PCFMI-E).
MI-E was delivered at � 40 cm H2O. Maximum inspiratory pressure (PImax) and maximum
expiratory pressure (PEmax) at the mouth were also measured.
Results: Although both groups had a similar time from ALS symptom onset to diagnosis, statistical
differences (p < 0.05) were found between nonbulbar and bulbar patients in lung function and
cough capacity parameters: FVC, 2.58 � 1.24 L vs 1.62 � 0.74 L; FEV1, 2.26 � 1.18 L vs
1.54 � 0.69 L; PImax, – 93.45 � 47.47 cm H2O vs � 3.64 � 25.07 cm H2O; PEmax, 140.45 � 75.98
cm H2O vs 69.93 � 32.14 cm H2O; MIC, 3.02 � 1.22 L vs 1.97 � 0.75 L; PCF, 5.91 � 2.55 L/s vs
3.42 � 1.44 L/s; PCFMIC, 6.68 � 2.71 L/s vs 4.00 � 1.48 L/s; and PCFMI-E, 4.34 � 0.82 L/s vs
3.35 � 0.77 L/s. Four patients with bulbar dysfunction and MIC > 1 L had PCFMI-E < 2.7 L/s.
The receiver operating characteristic (ROC) curve analysis showed PCFMIC of < 2.7 L/s
predicting those patients with PCFMI-E < 2.7 L/s. The ROC curve analysis showed PCFMIC > 4 L/s
predicting those patients with PCFMIC greater than PCFMI-E.
Conclusion: MI-E is able to generate clinically effective PCFMI-E (> 2.7 L/s) for stable patients
with ALS, except for those with bulbar dysfunction who also have a MIC > 1 L and PCFMIC <2.7
L/s who probably have severe dynamic collapse of the upper airways during the exsufflation cycle.
Clinically stable patients with mild respiratory dysfunction and PCFMIC > 4 L/s might not benefit
from MI-E except during an acute respiratory illness. (CHEST 2004; 125:1400–1405)

Key words: amyotrophic lateral sclerosis; cough capacity; lung function test; mechanical insufflation-exsufflation;
neuromuscular disease; noninvasive respiratory aids; noninvasive ventilation; peak cough flow

Abbreviations: ALS � amyotrophic lateral sclerosis; MIC � maximum insufflation capacity; MI-E � mechanical
insufflation-exsufflation; NEP � negative pressure during tidal expiration; PCF � peak cough flow; PCFmi-e � peak
cough flow generated by mechanical insufflation-exsufflation; PCFmic � peak cough flow attained with maximum
insufflation capacity; Pemax � maximum expiratory pressure; Pimax � maximum inspiratory pressure; ROC � receiver
operating characteristic

Amyotrophic lateral sclerosis (ALS) is a progres-
sive motorneuron disease. Inspiratory, expira-

tory, and upper airway muscles become impaired.1

Respiratory complications, and especially airway
secretion encumberment from ineffective cough-
ing, are the principal causes of morbidity and
mortality.2

Coughing is a key defense mechanism of the
airways. The effectiveness of mucus clearance is
largely dependent on the magnitude of peak cough
flows (PCFs).3 Respiratory muscle weakness de-
creases PCF and, thereby, diminishes cough effec-
tiveness. There are few data regarding a cutoff point
for cough effectiveness. However, a PCF of � 2.7
L/s has been proposed as indicating an ineffective
cough on the basis of flows below this level resulting
in extubation failure.4 Baseline PCF values � 4.5 L/s
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have also been reported to be associated with a high
risk for pulmonary complications during respiratory
tract infections5 because during chest infections the
pressure generated by expiratory muscles is reduced6

and, consequently, PCF decreases further. However
these cutoff PCF values must be taken with caution
and not as precise guidelines to predict cough fail-
ure, because they are not based on prospective trial
results.

The use of inspiratory and expiratory aids has been
reported to reduce the risk of pulmonary complica-
tions and prolong survival.7 Mechanical ventilation,
noninvasive or via tracheostomy, is able to prevent or
reverse ventilatory failure for patients with ALS or
other neuromuscular diseases.8 More attention now
needs to be paid to clearing airway secretions.

Assisted coughing techniques, both manual and
mechanical, can increase PCF over unassisted levels
and, thus, increase airway clearance capacity.9 Man-
ually assisted coughing requires patient and care-
giver cooperation and involves the use of an abdom-
inal thrust following attainment of lung volumes
approaching the maximum insufflation capacity
(MIC). This is achieved by using a manual resusci-
tator or a portable volume ventilator to “stack”
volumes of air into the lungs, holding them with a
closed glottis.10 Greater PCF reached with assisted
coughing can avert respiratory failure and, ulti-
mately, delay or eliminate the need for tracheotomy
for airway secretion removal.

Mechanical insufflation-exsufflation (MI-E) is a
method for mechanically assisted coughing. MI-E
involves a deep insufflation by a positive pressure
blower followed immediately by a forced exsufflation
in which high expiratory flow rates and a high
expiratory pressure gradient are generated between
the mouth and the alveoli. If the expiratory flow rates
reached with MI-E can exceed those that can be
produced during unassisted coughing and, in partic-
ular, exceed 2.7 L/s for patients with advanced
neuromuscular ventilatory insufficiency,11 the risk of
pulmonary complications can be diminished. While
this has been demonstrated for patients with neuro-
muscular diseases with bulbar muscle function,5 it
has not been demonstrated for bulbar ALS patients.
Likewise, intubation, bronchoscopy, and tracheot-
omy for airway secretion expulsion may be avoided.
The aim of this study, which constitutes a part of
long-term prospective project whose objective is to
evaluate the utility of noninvasive therapeutic proce-
dures in ALS patients, is to determine under what
circumstances MI-E is able to generate effective
expiratory flow rates for medically stable patients
with bulbar and nonbulbar ALS.

Materials and Methods

Twenty-six consecutively referred patients with ALS without
antecedent lung disease or significant kyphoscoliosis (Cobb
angle � 70°) were studied. The diagnosis of ALS was estab-
lished by El Escorial criteria.12 Videofluoroscopy was per-
formed of the upper airways, the capacity to perform a
Valsalva maneuver was determined, and the presence of
drooling or articulation difficulties was surveyed in order to
estimate bulbar impairment.13 Bulbar dysfunction was consid-
ered when at least one of the previous alterations were
present.13 Exclusion criteria were antecedent barotrauma,
pulmonary bullae, or FEV1/FVC � 70%. Informed consent
was obtained from each subject who took part in the study. All
subjects were medically stable for at least 1 month. All
measurements were made while the subjects were seated.
Spirometry was performed (MS 2000; C. Schatzman; Madrid,
Spain) using a mouthpiece and a nose clip. FVC, FEV1, and
FVE1/FVC were recorded in accordance with European Re-
spiratory Society guidelines and suggested normal values.14

Maximum inspiratory pressure (Pimax) and maximum expira-
tory pressure (Pemax) at the mouth were measured (Electrom-
eter 78.905A; Hewlett-Packard; Andover, MA) with cheek held.
Pimax was performed close to residual volume and Pemax was
performed close to total lung capacity, and the pressures sus-
tained for 1 s were observed. Three measurements with � 5%
variability were recorded, and the highest value was used for the
data analysis. Reference values were those of Morales et al.15

PCF were measured using a sealed oronasal mask (King Mask;
King System; Noblesville, IN) connected to a pneumotachograph
spirometer (MS 2000; C. Schatzman) when the subjects per-
formed a maximal cough effort after a deep inspiration. MIC was
attained using a manual resuscitator (Revivator; Hersill; Madrid,
Spain) via a sealed oronasal mask (King Mask; King System). The
lungs were insufflated to the highest volume that could be held
with a closed glottis. The patient was then asked to cough
forcefully while a thoracoabdominal thrust was applied. The
cough volume and the PCF attained with the MIC (PCFmic)
were measured with a pneumotachograph connected to the mask
and the manual resuscitator.

The MI-E (Cough-Assist; JH Emerson; Cambridge, MA) was
applied through a full face mask (King Mask; King System). It
was set at 40 cm H2O of insufflation pressure, � 40 cm H2O of
exsufflation pressure with an insufflation/exsufflation ratio of 2/3,
and a pause of 1 s between each cycle.7,22 The patient was asked
to try to keep his airway open but to otherwise remain passive and
let the Cough-Assist device act unimpeded on the airways. A
thoracoabdominal thrust was applied during exsufflation to fur-
ther increase the PCF.9 With a pneumotachograph placed be-
tween the mask and the MI-E circuit, PCF generated by MI-E
(PCFmi-e) was measured.

Statistical Analysis

Data were expressed as mean � SD. Data comparisons were
performed by Student’s paired and unpaired t tests. When the
variables did not have a normal distribution, the Mann Whitney
test and Wilcoxon test for paired data were used. Receiver
operating characteristic (ROC) curves were used in order to
identify variables that would best predict those ALS patients for
whom MI-E would probably be ineffective (PCFmi-e � 2.7 L/s)4

and those in whom manually assisted coughing would reach
greater PCF than MI-E. The level for statistical significance was
taken as p � 0.05.
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Results

Data for age, sex, pulmonary function, and cough
capacity are shown in Table 1. No differences were
found between nonbulbar and bulbar patients over
the period of time since ALS symptom onset
(24.75 � 12.91 months vs 30.70 � 18.28 months,
p � not significant), and in time from establishment
of the diagnosis (18.44 � 13.33 months vs
21.70 � 16.34 months, p � not significant). Statisti-
cal differences (p � 0.05) were found in lung func-
tion and cough capacity parameters between bulbar
and nonbulbar patients (Table 1).

Twenty-four patients (92.31%) had MIC greater
than FVC (MIC vs FVC, p � 0.01). Two patients
who could not close their glottises had MIC values
equal to FVC (1.11 � 0.62 L) [mean � SD]. Both of
them also had severe bulbar dysfunction. All the
patients with some degree of bulbar dysfunction and
MIC greater than FVC were able to obtain a
PCFmic � 2.7 L/s except for one patient (FVC, 0.60
L; MIC, 1.01 L; PCF, 1.87 L/s; PCFmic, 1.91 L/s).
This patient (stable clinically but who had rejected
tracheostomy as a means to clear secretions if
needed) was probably able to close the glottis
enough to increase the MIC, but his expiratory
muscles were too weak (Pemax 35.5% of predicted
value) to generate an adequate PCFmic.

Seven patients had PCF � 2.7 L/s (2.25 � 0.34
L/s), all of them with bulbar dysfunction. All of them
had rejected tracheostomy as mean to clear secre-
tions and/or mechanical ventilation if needed. Com-
paring these patients (PCF � 2.7 L/s) with those
with PCF � 2.7 L/s, we found that they presented
lower PCFmic (2.80 � 0.30 L/s vs 5.95 � 2.24 L/s,

p � 0,001) and PCFmi-e (2.79 � 0.38 L/s vs
4.12 � 0.80 L/s, p � 0.001).

MI-E was able to generate PCFmi-e � 2.7 L/s in
all but four patients (2.55 � 0.09 L/s). A ROC curve
was performed in order to seek variables that might
predict the patients in whom the MI-E would be
ineffective (PCFmi-e � 2.7 L/s). Of all the analyzed
variables, PCFmic had the greatest (p � 0.05) area
under the curve (0.98; p � 0.01; 95% confidence
interval, 0.82 to 0.99). A value of 2.7 L/s as cutoff
point for the PCFmic had a sensitivity of 1.00 and a
specificity of 0.95 in identifying those patients with
ineffective PCFmi-e for mucus clearance (� 2.7
L/s), with a positive predictive value of 0.79 and
negative predictive value of 1.00. All these four
patients have bulbar dysfunction, MIC � 1 L, and
PCFmic � 2.7 L/s.

Statistical differences (p � 0.05) were found be-
tween patients with PCFmi-e � 2.7 L/s (n � 22) and
those with PCFmi-e � 2.7 L/s (n � 4) in PCF
(4.85 � 2.32 L/s vs 2.18 � 0.45 L/s), PCFmic
(5.60 � 2.26 L/s vs 2.29 � 0.40 L/s), PCFmi-e
(3.97 � 0.82 L/s vs 2.55 � 0.01 L/s), and Pemax
(108.20 � 70.21 cm H2O vs 60.75 � 10.90 cm H2O).

A ROC curve was used in the patients we studied
in order to seek variables that might predict medi-
cally stable patients for whom PCFmic would be
greater than PCFmi-e. The PCFmic had the great-
est area under the curve (0.90; p � 0.01; 95% con-
fidence interval, 0.71 to 0.98). A value of 4 L/s as
cutoff point for the PCFmic had a sensitivity of 0.89
and a specificity of 0.75 in identifying patients with
PCFmic greater than PCF, with a positive predictive
value of 0.68 and a negative predictive value of 0.93.

Table 1—Lung Function and Cough Capacity Parameters in the Subjects*

Variables Total Population (n � 26) Nonbulbar (n � 11) Bulbar (n � 15)

Male/female gender, No. 14/12 7/4 7/8
Age, yr 60.96 � 9.34 59.45 � 9.62 62.07 � 9.30
BMI 26.24 � 3.97 28.73 � 2.97 24.41 � 3.66†
FVC, L 2.02 � 1.07 2.58 � 1.24 1.62 � 0.74†
FVC % predicted 60.27 � 25.36 74.91 � 26.69 49.53 � 18.65†
MIC, L 2.39 � 1.07 3.02 � 1.22 1.97 � 0.75†
PCF, L/s 4.47 � 2.31 5.91 � 2.55 3.42 � 1.44†
PCFmic, L/s 5.07 � 2.41 6.68 � 2.71 4.00 � 1.48†
PCFmi-e, L/s 3.75 � 0.92 4.34 � 0.82 3.35 � 0.77†
FEV1, L 1.84 � 0.98 2.26 � 1.18 1.54 � 0.69†
FEV1 % predicted 67.08 � 27.03 82.45 � 28.77 55.80 � 19.80†
FEV1/FVC 88.39 � 9.33 87.34 � 8.01 89.17 � 10.41
Pimax, cm H2O � 65.56 � 43.77 � 93.45 � 47.47 � 43.64 � 25.07†
Pimax % predicted 62.69 � 36.60 84.16 � 35.41 45.83 � 28.50†
Pemax, cm H2O 100.96 � 65.13 140.45 � 75.98 69.93 � 32.14†
Pemax % predicted 62.28 � 32.91 82.70 � 35.47 46.24 � 20.04†

*Data are presented as mean � SD unless otherwise indicated. BMI � body mass index.
†p � 0.05 comparing nonbulbar with bulbar group.
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All the patients with no clinically relevant impair-
ment in cough capacity (PCF � 4.5 L/s)5 [n � 11,
PCF, 6.45 � 2.12 L/s; 4 patients with some degree of
bulbar dysfunction] had MIC greater than FVC
(3.13 � 1.16 L vs 2.84 � 1.16 L, p � 0.01). Moreover,
in these patients PCFmic was greater than PCFmi-e
(7.01 � 2.29 L/s vs 4.31 � 0.92 L/s, p � 0.01).

Discussion

The most important findings in this study are the
usefulness of the MI-E in ALS patients, both bulbar
and nonbulbar, the critical role played by the upper
airway in the generation of an effective mechanically
assisted PCF, and the inability of MI-E to generate
greater PCF than those attainable by manually as-
sisted coughing alone for those medically stable
patients with milder respiratory dysfunction. In these
patients, we can assume that those with PCFmic �
4 L/s may be unable to generate greater cough flows
with the MI-E than manually assisted coughing. This
work also demonstrates that inability to close the
glottis and airway collapse are distinct factors in
determining PCF and the potential effectiveness of
MI-E.

Impaired cough capacity is a progressive state found
in patients with ALS. The different degree of the
involvement in the respiratory and bulbar muscles
determines the success of the different assisted-cough-
ing techniques in order to generate an effective PCF to
remove airway secretions. Inspiratory muscle weakness
produces a diminution of vital capacity and lung recoil
pressures, expiratory muscle weakness produces a re-
duction in the intrathoracic pressure generated during
the cough maneuver, and severe bulbar dysfunction
with failure to close the glottis reduces or eliminates
MIC, decreasing potential lung recoil for an effective
cough. The result is a decreased PCF, more evident in
bulbar patients, as our findings show. We also found
that in those patients with ALS and expiratory and
inspiratory muscle weakness but effective bulbar mus-
cles, in order to close the glottis (MIC greater than
FVC), the generated PCF with manually assisted
coughing is greater than unassisted PCF (p � 0.01).
This can change an ineffective cough into an effective
one.10,16 Indeed, the findings of our study show that in
those patients with ALS and milder respiratory dys-
function and effective bulbar muscles, the generated
PCFmic is greater than those reached with MI-E. In
this way, patients with MIC greater than FVC and
PCFmic � 4 L/s present PCFmic greater than
PCFmi-e in a stable condition. However, our results do
not show what may happen to these same patients in an
acute respiratory illness when they have airway secre-
tions—for instance a pulmonary infection—when

PCFmi-e would be more effective, and thereby more
useful, than PCFmic in order to airway secretions
removal.17 Moreover, this study was conducted apply-
ing MI-E with a thoracoabdominal thrust and without
any patient cough effort because we wanted to evaluate
the peak expiratory flow rates generated by MI-E
without patient cooperation. We performed our study
thus because it is possible that in very advanced ALS or
in situations in which no cooperation will be produced,
no cough attempts will be made.17 However, the
patient cough effort, a thoracoabdominal thrust during
the exsufflation cycle, and probably greater set pres-
sures in the MI-E will increase the PCFmi-e.9,18,19

When manually assisted coughing techniques are
unable to generate an effective PCF or when the
patient is unable to cooperate, the MI-E is the most
effective alternative for generating optimal PCF and
eliminating airway secretions.9 In this way, the values
of PCFmi-e recorded in our study are similar to
those attained in previous clinical18,20,21 and experi-
mental studies.22 The findings of our study show that
MI-E is able to generate a PCF � 2.7 L/s in patients
with ALS when it is applied via a full face mask for
patients both with and without bulbar dysfunction,
except for those with severe bulbar dysfunction,
MIC � 1 L, and PCFmic � 2.7 L/s. This fact (MIC
� 1 L and manually assisted PCF � 2.7 L/s) means
that there is an alteration in the upper airway such as
greater instability and weakness these muscles due to
bulbar dysfunction.23 Because of a suspected upper
airway collapse during the application of negative
pressure, an upper airway CT scan was performed
(Dr. M. A. Moya) at baseline and during the exsuf-
flation cycle of MI-E for a patient whose PCFmi-e
was � 2.7 L/s (PCFmi-e of 2.55 L/s), and for another
patient with bulbar dysfunction and PCFmi-e � 2.7
L/s (PCFmi-e of 3 L/s), and for a nonbulbar patient
with PCFmi-e � 2.7 L/s (PCFmi-e of 5.27 L/s). The
upper airway CT scans of the three patients showed
exsufflation cycle closing of the nasopharynx, with
retraction of the uvula, and reduction of the lateral
diameter of the pharynx. This narrowing was greatest
at the oropharynx (Fig 1, 2). In the patient with
PCFmi-e � 2.7 L/s, the maximum reduction of the
diameter of the pharynx was 77%; in the patient with
bulbar dysfunction and PCFmi-e � 2.7 L/s, it was
60%; and in the patient without bulbar impairment
and PCFmi-e � 2.7 L/s, it was 45%.

Koulouris et al24 proposed the application of negative
pressure during tidal expiration (NEP) [� 3 to –5 cm
H2O] in order to assess expiratory flow limitation. The
sudden application of a NEP in healthy subjects pro-
duces reflex activation of the genioglossus muscle to
maintain upper airway patency25 and prevent decreases
in expiratory flow. If greater NEP is applied, the
response of the genioglossus muscle reflex will be
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greater.26 Decreases in expiratory flow have also been
demonstrated in healthy subjects when a NEP is
applied, reflecting a total or partial narrowing of the
upper airway, and suggesting some degree of upper
airway instability.27–29 This collapse of the upper airway
during the application of NEP that is produced in
certain healthy subjects can be due to too long a latency
of the pharyngeal dilator muscle reflex or interindi-
vidual variations in the sensitivity of the trigger or in the
intensity of response.25 Patients with ALS and impaired
bulbar function have weakness of the pharyngeal mus-
cles13 and, as in other neuromuscular disorders with
bulbar dysfunction, the pharyngeal muscles have de-
creased strength, muscle velocity, and mechanical

power.30 This fact can produce a diminution of the
genioglossus muscle response when a NEP is applied,
and produce a narrowing of the upper airway with a
decrease in expiratory flows. In this way, the application
of the exsufflation cycle of MI-E for those with weak-
ness of genioglossus activity due to bulbar dysfunction
would probably produce a dynamic, total, or partial
collapse of the upper airway. This can render PCFmi-e
ineffective.

The importance of the oropharyngeal musculature
has been recognized for the generation of assisted
PCF.16 Our study has permitted the identification of
two not mutually exclusive circumstances in the bulbar
ALS population: those with failure to close the glottis

Figure 1. Oropharynx CT scan of a bulbar ALS patient with PCFmi-e � 2.7 L/s. Left, A: baseline.
Right, B: during the exsufflation cycle.

Figure 2. Oropharynx CT scan of a nonbulbar ALS patient with PCFmi-e � 2.7 L/s. Left, A: baseline.
Right, B: during the exsufflation cycle.
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(MIC equal to FVC, and inability to perform a Valsalva
maneuver), in whom manually assisted coughing can-
not increase PCF; and those with instability of the
pharyngeal walls (PCFmic � 2.7 L/s and MIC � 1 L),
in whom the MI-E is ineffective. One study7 has found
that assisted coughing techniques tend to fail in pa-
tients with ALS and severe bulbar dysfunction, and
tracheotomy becomes necessary to prolong survival.
Moreover, bulbar onset has been related to poor
survival.31 Consequently, we propose periodic monitor-
ing of assisted coughing effectiveness (PCFmic and
PCFmi-e) in order to identify those patients at risk of
failure of noninvasive management.

In conclusion, MI-E does not generate greater PCF
than manually assisted coughing in those medically
stable ALS patients with relatively little lung function
impairment (PCFmic � 4L/s), but it is able to signifi-
cantly increase PCF � 2.7 L/s for patients both with
and without bulbar dysfunction, except for those with
bulbar dysfunction who also have a MIC � 1 L and
PCFmic � 2.7 L/s, probably due to dynamic collapse
of the upper airway during the exsufflation cycle.
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