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The clearance of airway secretions from the lungs is normally supported by the mucociliary esca-
lator and by cough. These protective mechanisms provide an effective means of pulmonary-hygiene
maintenance in healthy individuals. Patients with neuromuscular disease that affects the respira-
tory pump (the muscles of breathing) can experience mild to profound limitation in both ventilation
and cough. Neuromuscular respiratory insufficiency, when left untreated, can substantially impact
quality of life and life expectancy. In most cases of neuromuscular disease, respiratory failure and
pneumonia are the primary causes of death. Invasive mechanical ventilation and tracheal suction-
ing have been successfully used when needed to support respiratory insufficiency in this population.
These modalities, though supportive, have been associated with substantial morbidity when used in
patients with neuromuscular disease. The advent of noninvasive ventilation as a means of support-
ing chronic neuromuscular respiratory insufficiency has spurred the development of noninvasive
cough-augmentation therapy to support airway clearance. Unfortunately, the need to support cough
clearance is not always addressed, and few guidelines for the management of cough insufficiency
have existed until relatively recently. An understanding of neuromuscular respiratory pathophys-
iology and the modes of effective noninvasive cough support are key in the evaluation and man-
agement of neuromuscular diseases. This review is meant to provide a basic understanding of cough
mechanics, and the pathophysiology and management of neuromuscular cough insufficiency. Key
words: cough, neuromuscular, mechanical in-exsufflation, noninvasive, pathophysiology, airway clear-
ance. [Respir Care 2006;51(8):913-922. © 2006 Daedalus Enterprises]
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MANAGEMENT OF AIRWAY CLEARANCE IN NEUROMUSCULAR DISEASE

Introduction

Neuromuscular-induced respiratory insufficiency has
long been associated with morbidity and mortality in pa-
tients with neuromuscular disease. Chronic and progres-
sive neuromuscular disease can result in various degrees
of ventilatory impairment, atelectasis, and cough insuffi-
ciency. All of these respiratory sequelae can predispose
patients with neuromuscular disease to complications as-
sociated with respiratory infection. Cough insufficiency
may contribute the greatest limitation to the respiratory
health of neuromuscular patients with chronic respiratory
insufficiency. Diagnostic testing has been developed to
evaluate cough strength and implement timely cough-aug-
mentation therapy in the preventive respiratory manage-
ment of patients with neuromuscular respiratory insuffi-
ciency.

The goals of this paper are: (1) to review cough me-
chanics and the pathophysiology of neuromuscular-induced
cough insufficiency, (2) to describe the diagnostic testing
that has been used to evaluate cough strength, (3) to de-
scribe and compare the different modalities currently used
for cough augmentation, (4) to discuss the limitations to
cough-augmentation therapy, and (5) to discuss the use of
secretion-mobilization and cough-augmentation therapies
in the airway-clearance management of neuromuscular pa-
tients with respiratory insufficiency.

Cough Physiology and Mechanics

The function of cough is to clear inhaled foreign mate-
rials captured in the mucociliary system, retained secre-
tions or excessive secretions associated with respiratory
infection or impaired mucociliary clearance, and aspirated
materials. Cough is a complex maneuver that is initiated
either voluntarily or by the stimulation of cough receptors
located primarily in the central airways. Mechanical irri-
tant cough receptors are sensitive to touch and displace-
ment, and may also be sensitive to temperature. Mechan-
ical receptors occur in the greatest density in the posterior
trachea, larynx, and carina, and decrease in density in the
central distal airways. Chemical irritant cough receptors
are sensitive primarily to noxious gases and fumes and
occur in greater density in the distal central airways and in
greater density at the airway junctions. The vagus nerve is
thought to be the primary afferent pathway to the cough
center that initiates the cough response. The efferent nerve
impulses of the cough reflex are transmitted through the
phrenic nerve and other spinal motor nerves, and to the
larynx through vagal nerves that stimulate the cough re-
sponse.!

The sequence of phases in a cough maneuver can be
classified as inspiratory, compressive, and expiratory
(Fig. 1). In the initial inspiratory phase, active abduction of
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Fig. 1. Flow and pressure changes during a cough maneuver.
(From Reference 2, with permission).

the glottis supports a rapid inspiratory airflow. The in-
spiratory phase is marked by a period of rapid inhalation,
caused by contraction of the diaphragm and accessory in-
spiratory muscles. The volume of air spontaneously in-
spired may be as little as 50% of normal tidal volume or as
high as 50% of vital capacity (VC).? Inhaling a larger
volume of air produces a greater degree of lengthening in
the expiratory muscles, therefore increasing the force-gen-
eration by the muscles involved in cough by improving the
muscle length-tension relationship. Increasing expiratory
muscle length with a greater inspired air volume generates
a greater positive intrathoracic pressure and a greater ex-
piratory flow and volume.* Although the greater pressure,
flow, and volume are thought to improve cough function,
smaller inspired volume has also been found to generate
intrathoracic pressure adequate to produce an effective
cough.’

In the compressive phase there is an almost simulta-
neous adduction of the glottis with the onset of expiratory-
muscle contraction. The duration of this phase is approx-
imately 0.2 s. Glottic closure is reinforced by the
supraglottic ventricular folds and may also involve the
epiglottis. Expiratory muscles of the rib cage and abdomen
contract in a coordinated effort, compressing the alveolar
gas volume. Glottic closure limits the degree of expiratory
muscle shortening during contraction and increases the
amount of positive intrathoracic pressure that can be gen-
erated during the compression phase. Intrathoracic pres-
sure during the compression phase may be as great as 300
cm H,O.

At the initiation of the expiration phase the glottis opens
abruptly, within 20—40 ms. With the release of compres-
sion the central airway pressure drops to or below atmo-
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MANAGEMENT OF AIRWAY CLEARANCE IN NEUROMUSCULAR DISEASE

spheric pressure. Pleural pressure and alveolar pressure
continue to rise with expiratory-muscle contraction. The
initial peak expiratory flow (PEF) may be as high as 12
L/s, and is the result of the combined effect of pressurized
gas released from the alveolar space and airway gas dis-
placed by dynamic airway compression.*¢ The expiratory
airflow in the peripheral airways depends on the volume of
air initially inspired. The initial peak expiratory phase is
followed by a longer expiratory phase, which lasts 0.2—0.5 s,
during which airflow is in the range of 3—4 L/s.* Dynamic
compression of the airways is the result of higher intratho-
racic pressure in relation to airway gas pressure (transmu-
ral airway pressure).> The effect of dynamic compression
in the central airways increases airflow velocity in relation
to the volume of expired air per second (velocity = flow/
cross-sectional area). This high linear velocity of gas in the
compressed airways produces a shearing effect on the mu-
cus lining the airway walls.”

Expiratory flow and dynamic compression are the pri-
mary factors that produce an effective cough. The mech-
anisms that affect the location of airway compression and
produce maximum expiratory flow are described with the
application of fluid dynamics. The location of expiratory
flow limitation, called the “choke point,” depends on air-
way pressure, the peribronchial airway pressure, and air-
way compliance.® Conditions at this point set the upper
limit of flow during forced expiration or cough. Further
lowering of the downstream pressure cannot increase flow
through the airway. The choke point normally occurs near
the tracheal carina at high lung volume in normal humans
and progresses out to the peripheral airways as lung vol-
ume decreases and the airways narrow.

Dynamic compression is initiated at the trachea and
mainstem bronchi at high lung volume and moves to the
more peripheral airways as lung volume decreases, so the
entire length of the tracheobronchial tree is “coughed.”®
The violent compression of the airway walls is thought to
contribute to the formation and suspension of mucus drop-
lets in the airway lumen.® During the sustained period of
expiration, the airway walls may also flutter with the force
of expired gas. This effect is also thought to contribute in
the release of mucus droplets into the airway.

The viscosity of the mucus also affects cough efficiency.
Higher mucus elasticity has a negative effect on clearance
by cough but enhances mucociliary clearance.! In the
2-phase gas/liquid flow concept, mucus clearance is di-
rectly proportional to the depth of the mucus and inversely
proportional to the mucus viscosity.!!

The clearance of mucus from the airways during cough,
by the interaction of the mucus layer with the high-linear-
velocity expired gas, is described with the physical con-
cept of 2-phase flow.!2 Three of the four 2-phase primary
flow regimes (slug, annular, and mist) (Fig. 2) are thought
to occur in the movement of mucus through the airways.
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Fig 2. Two-phase current flow models. Slug, annular, and mist
liquid phases are thought to be the primary means of secretion
movement with high-linear-velocity gas flow during cough. (From
Reference 12, with permission.)

Slug flow appears to occur with the high velocity clear-
ance of semi-solid mucus, as evidenced by the clearance of
mucus plugs. Annular flow refers to the effect of high-
velocity flow through the central airway on the movement
of the liquid mucus layer lining the airway. In mist flow,
liquid droplets are produced and suspended as an aerosol
that moves with the gas flow. The extent to which high
linear gas flow affects mucus clearance by annular and
mist flow during cough depends on variables including
mucus viscosity and airway-wall motion. In annular flow,
the increasing luminal gas velocity produces waves on the
fluid surface, which create airflow resistance and shearing
forces that can produce mist particles.

Mucus decreases in viscosity under high shear. This
may explain the movement of mucus toward the mouth
during cough-induced high shear stress, rather than distal
mucus movement during the inspiratory phase. The degree
of dynamic airway-wall motion may also substantially af-
fect the interaction of high-velocity luminal airflow with
the airway mucus surface layer. The extent to which each
of these processes contributes to mucus clearance during
cough is not well understood and probably depends on
multiple interacting variables.

Pathophysiology of Neuromuscular Impaired Cough

The effectiveness of cough clearance depends on the
coordinated neural sequence of phases involved in the cough
maneuver and the inspiratory, expiratory, and glottic mus-
cle functioning necessary to produce sufficient intratho-
racic pressure and expiratory gas velocity. In the inspira-
tory phase, inhalation to VC will produce the highest
intrathoracic pressure, cough volume, and cough velocity.
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When neuromuscular-induced inspiratory muscle weak-
ness limits the volume of air that can be inspired, expira-
tory-muscle length-tension and chest-wall recoil forces are
limited,'® which limits intrathoracic pressure and expira-
tory flow and volume, which limits the airway linear air-
flow velocity, which limits secretion clearance in the ex-
piratory phase.

Neuromuscular diseases that cause bulbar paralysis af-
fect the abductor and adductor muscle groups that control
the glottis. Developing adductor muscle paralysis can limit
the ability to close the glottis in order to generate a com-
pression phase in the cough maneuver. The ability to gen-
erate a compression phase by closing the glottis, though
beneficial in developing expiratory pressure, is not essen-
tial to produce an effective cough.?# Patients with artificial
airways and adequate respiratory muscle function can pro-
duce an effective cough by performing a huffing maneuver
(forced exhalation through an open glottis). Paralysis of
the muscles that control glottic abduction on expulsion can
produce a much greater limitation in cough effectiveness.
Though the inability to achieve full glottic abduction can
limit the rate of inspiratory airflow, the obstruction of
forced expiratory flow can severely limit cough effective-
ness.'# Intrathoracic pressure can be generated during the
compression phase of cough, but the transmural airway
pressure gradient can be substantially limited by severe
upper-airway airflow obstruction during the expulsion
phase.

Neuromuscular-induced expiratory-muscle weakness
can have a substantially greater effect on cough efficiency,
relative to the degree of neuromuscular weakness. Patients
with mild-to-moderate expiratory-muscle weakness can ex-
perience substantial limitation in expiratory pressure.'> The
inability to generate adequate expiratory pressure (regard-
less of how much gas volume is inhaled) results in lower
dynamic airway pressure and lower expiratory flow veloc-
ity. Patients with Duchenne muscular dystrophy or trau-
matic cervical-spinal-cord injury may have sufficient ven-
tilation and yet be at risk for pulmonary congestion and
acute respiratory failure associated with weak cough.!®

DiMarco et al'7 studied the contribution of expiratory
muscles to cough. They found that the interior and exterior
oblique muscles and transverse abdominis muscles pro-
duced the largest contribution to airway pressure during
cough stimulation. In the absence of abdominal expiratory-
muscle function (as in patients with traumatic cervical
spinal cord injury), cough strength is further compromised
by paradoxical abdominal-wall distention during contrac-
tion of expiratory muscles of the chest wall.!®

Chronic obstructive pulmonary disease (COPD)!'® sub-
stantially affects the mechanics of cough. One study com-
pared esophageal pressure, airflow rate, and expired vol-
ume during a series of coughs and forced expirations in
healthy subjects versus in patients with severe COPD.
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Though peak pressure generated during cough was not
significantly different between the groups, the peak flow
and pressure resistance to flow at peak pressure was sig-
nificantly lower in the COPD group.?° This is the result of
severe airway compression associated with dynamic air-
way pressure generated during forced expiration. For the
neuromuscular patient with weak cough, a comorbidity of
COPD can substantially impact an already limited cough
peak flow. Though COPD can alter mucociliary function
and thus increase the patient’s reliance on cough to clear
secretions, a greater liability for neuromuscular patients is
the potential for bronchial hypersecretion and recurrent
pulmonary infection.

Noninvasive respiratory-muscle aids are often applied
to correct observed ventilatory impairment associated with
inspiratory-muscle weakness. Cough insufficiency associ-
ated with expiratory-muscle impairment may go untreated,
either because the patient does not complain of weak cough
or the clinician does not perceive a need for cough support.
Cough insufficiency often goes unnoticed until the occur-
rence of a respiratory infection that results in pulmonary
congestion and acute respiratory insufficiency.

Evaluation of Cough Impairment

Cough strength depends on several contributing factors,
which can be independently evaluated with various pul-
monary function tests. The contribution of the inspiratory
and expiratory muscle components of cough strength are
commonly assessed by testing peak inspiratory pressure
and peak expiratory pressure. One study compared forced
vital capacity (FVC), PEF, and peak expiratory pressure in
the evaluation of cough effectiveness in a group of patients
with Duchenne muscular dystrophy. Peak expiratory pres-
sure was the most sensitive predictor of transient peak
flow and adequate cough strength.?! Though respiratory-
muscle strength is an important factor in the effectiveness
of cough, the coordinated reflex action of the glottis in
conjunction with both inspiratory and expulsion phases is
necessary to produce the maximum cough flow.

FVC spirometry has been used to determine PEF as a
measure of cough effectiveness (Fig. 3A). Examination of
the flow-volume loops from FVC spirometry help deter-
mine the presence of neuromuscular-induced upper-air-
way inspiratory and expiratory flow limitation. The pres-
ence of inspiratory-flow limitation combined with
intermittent irregular expiratory-flow limitation can be used
to subjectively evaluate bulbar-associated glottic dysfunc-
tion (Fig. 3C).2223 The presence of substantial cough-flow
limitation associated with obstructive airway disease can
also be assessed with FVC spirometry. Expiratory cough-
flow tracings have also been used to evaluate cough ef-
fectiveness. The absence of transient PEF spikes on expi-
ratory cough-flow tracings has been associated with cough
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Fig. 3. Cough flow spirometry, showing (A) normal cough flow with
peak cough flow spikes, (B) weakened cough flow without peak
cough flow spikes, and (C) irregular cough flow associated with
bulbar paralysis. (From Reference 22, with permission.)

limitation and mortality in motor-neuron disease (Fig.
3B).22

As early as 1966, peak expiratory cough flow was used
as a measure of cough effectiveness.?* The peak-expirato-
ry-cough-flow test is administered by instructing the pa-
tient to inspire completely and cough forcibly, through
either a mouthpiece or a face mask attached to a peak flow
meter. Though the test is nonspecific for evaluating the
separate components of cough limitation, it does provide a
global measure of cough strength?®> and can be as accu-
rately measured with a peak flow meter (Fig. 4) as with a
pneumotachograph spirometer.?® In a comparison study of
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Fig. 4. Peak-cough-flow meter with an air-cushion face mask.

peak cough flow and PEF in matched groups of normal
subjects, patients with Duchenne muscular dystrophy, and
patients with bulbar-onset amyotrophic lateral sclerosis
(ALS),'* peak cough flow was significantly and consis-
tently higher than PEF in the normals and the Duchenne
group. There was no significant difference in peak cough
flow or PEF in the bulbar-onset ALS group.?” This would
suggest that monitoring peak cough flow and PEF could
be useful in monitoring cough strength and the develop-
ment of bulbar impairment in disease processes where
bulbar dysfunction is predominant.

Indications for Cough-Augmentation Therapy

In a prospective study that evaluated the variables of
age, extent of pre-decannulation ventilator use, VC, and
peak cough flow in determining the success of extubation
or decannulation of neuromuscular patients to noninvasive
respiratory support, only a peak cough flow > 160 L/min
predicted success in extubation and decannulation.?> A
peak expiratory cough flow of < 160 L/min has been used
as a threshold for initiating cough-augmentation therapy
for neuromuscular patients with cough insufficiency. Neu-
romuscular patients with a peak expiratory cough flow
< 270 L/min are considered at risk for complications as-
sociated with respiratory infection, because their peak ex-
piratory cough flow can fall below 160 L/min during re-
spiratory infection.?® A peak expiratory pressure
< 60 cm H,O or a history of repeated hospitalization for
respiratory infection and an inability to clear secretions are
also indications for initiating cough-augmentation thera-

py‘29

Cough-Augmentation Therapies

A variety of cough-augmentation therapies or a combi-
nation of these therapies can be used to support cough
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Fig. 5. Vital capacity (VC) and peak cough flow (PCF) with basal
(unassisted) cough, manually assisted cough (MAC), manual in-
sufflation (MI), and manually assisted cough plus MI. Both VC and
PCF were significantly greater with MAC and MI. (From Reference
32, with permission.)

clearance, depending on the patient’s needs and ability to
use the various therapies. The following noninvasive cough-
augmentation therapies are discussed in relation to their
effectiveness and the patient’s respiratory status.

Manual Cough Augmentation

Patients who have weak expiratory muscle strength but
relatively well-preserved inspiratory strength can benefit from
abdominal-thrust maneuvers, termed “quad cough” or “man-
ually assisted cough,” which replace or augment abdominal-
muscle contraction. Quad-cough maneuvers have long been
used to support cough clearance in spinal-cord-injury pa-
tients, in whom abdominal-thrust maneuvers can both pre-
vent paradoxical abdominal-wall distention and increase in-
tra-abdominal thoracic pressure in conjunction with the cough
maneuver.3%-3! The effectiveness of this therapy depends pri-
marily both on the caregiver’s skill in applying adequate
pressure and on coordinating the maneuver with the patient’s
voluntary cough effort. Quad-cough maneuvers can be ap-
plied to the lower abdominal area to avoid traumatizing gas-
trostomy tube sites, which are usually located on the upper
abdominal wall. In studies that compared manually assisted
cough to unassisted cough by measuring peak cough flow
(Fig.5), manually assisted cough produced significantly higher
peak cough flow in various patients with neuromuscular dis-
ease and cough impairment.!®-32

Hyperinflation Maneuvers

Patients with weak inspiratory-muscle strength can im-
prove their spontaneous cough efforts with manual or me-
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Fig. 6. Manual insufflator, consisting of a resuscitator bag, a one-
way valve, a flexible tube, and a mouthpiece.

chanical insufflation therapy. Manual hyperinflation can
be administered by manually compressing a resuscitator
bag with a one-way-valve and mouthpiece (Fig. 6), in a
series of breath-stacking maneuvers, until the patient is
maximally insufflated. Insufflation can also be adminis-
tered mechanically, using either pressure-limited insuffla-
tion or a volume-cycled ventilator with a mouthpiece cir-
cuit that allows the patient to trigger and stack repeated
ventilator breath volumes to obtain maximal insuffla-
tion.'%-33 By combining maximal insufflation with sponta-
neous cough maneuvers, the patient can use the stored
elastic recoil energy developed with lung and chest-wall
expansion to produce peak cough flow sufficient to clear
secretions.

The ability to generate adequate insufflation volumes
and to produce sufficient peak cough flow appears to be
partly dependent on the degree of pulmonary compliance.
Pulmonary compliance was evaluated by comparing the
differences between maximum insufflation capacity and
VC with the differences in maximum-insufflation-capaci-
ty-supported peak cough flow and unassisted peak cough
flow in a large group of neuromuscular patients.3* There
was a positive correlation between the differences in max-
imum insufflation capacity and VC, and in the differences
between maximum-insufflation-capacity-supported and
spontaneous peak cough flow.3* That study suggests that
the degree of pulmonary compliance and the inspiratory
phase are important in producing maximal peak cough
flow and volume. Benefit from insufflation therapy also
depends on having sufficient bulbar muscle strength to
retain the insufflated volume. Alternatively, patients who
are able to glossopharyngeal breathe (a means of inhaling
by making repetitive air-gulping maneuvers) can self-in-
sufflate enough to significantly improve peak cough flow.3>
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Fig. 7. The Emerson CoughAssist insufflator-exsufflator has man-
ual and automatic cycle modes. Here the device is shown with an
air-cushion face mask. (Courtesy of JH Emerson, Cambridge, Mas-
sachusetts.)

Functional Electrical and Magnetic Stimulation

Functional electrical stimulation can be applied with
surface electrode pads on the anterior abdominal wall to
produce forced expiratory-muscle contraction for cough
augmentation. This technique is nearly as effective as man-
ually assisted cough in spinal-cord-injury patients.36-37
Forced expiratory maneuvers can also be created by ap-
plying functional magnetic stimulation with a magnetic
coil in the T7 and T11 spinal area. In normal subjects, at
a frequency of 25 Hz with 70—80% intensity, peak expi-
ratory flow and pressure were comparable to maximum
cough.?® Functional electrical or magnetic stimulation of
the abdominal expiratory muscles could allow the spinal-
cord-injury patient independently to initiate cough maneu-
vers as needed. Though these techniques have been stud-
ied, there are no commercially available systems yet
available.

Mechanical In-Exsufflation Therapy

Cough can be further augmented by applying combined
mechanical insufflation with exsufflation, in a manual or
automatic time-cycled format. Mechanical in-exsufflation
is designed to produce a pressure-limited phase that insuf-
flates the lungs, followed by a rapid reversal to negative
pressure that removes the insufflated volume at an expi-
ratory flow sufficient to clear secretions (Fig. 7). The use
of mechanical in-exsufflation for secretion clearance in
neuromuscular patients was first described in 1954.3940 In
a study that evaluated mechanical in-exsufflation in the
clearance of airway secretions, a mucin-thorium-dioxide
suspension was instilled into the lungs of anesthetized dogs,
and, after mechanical in-exsufflation, bronchograms
showed nearly complete clearance in 6 min. In the same
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study, mechanical in-exsufflation was equally effective in
removing bronchoscopically inserted foreign bodies.*! Me-
chanical in-exsufflation pressures of +40/~40 cm H,O are
recommended for adults using the CoughAssist device (JH
Emerson, Cambridge, Massachusetts). Patients with obe-
sity-related pulmonary restriction or increased airway re-
sistance may require mechanical in-exsufflation pressures
up to +60/-60 cm H,O to produce sufficient expiratory
cough flow.#?

In a clinical-practice review of mechanical in-exsuffla-
tion for cough augmentation in a variety of pediatric neu-
romuscular patients, a mean mechanical in-exsufflation
pressure of +30/-30 cm H,O with an insufflation pressure
range of +15-40 cm H,O and exsufflation pressure range
of —20 to —50 cm H,O was found to be both effective and
well-tolerated.*3 The duration of insufflation and exsuffla-
tion time in a mechanical in-exsufflation cycle is also a
determinant in clearing secretions. The manufacturer’s rec-
ommendation for insufflation time is based on low and
high inspiratory-flow settings. A 3—4-s insufflation time is
recommended at the lower flow setting for adults, and 1-2
s for pediatric patients. The exsufflation time is, in general,
approximately half of the corresponding insufflation time.
In one study, increasing the insufflation time was more
effective than increasing exsufflation time in clearing se-
cretions.** Mechanical in-exsufflation produced a greater
peak cough flow than either manual cough or combining
mechanical insufflation with manual cough, in a group of

Mechanical in-exsufflation also provides an effective
means of cough-augmentation maintenance for various neu-
romuscular patients with cough insufficiency.*>47 In re-
cent studies of neuromuscular patients hospitalized for pul-
monary congestion associated with respiratory infection, a
combination of mechanical in-exsufflation with chest phys-
iotherapy resulted in significantly less treatment failure
than chest physiotherapy alone.*$4° Mechanical in-exsuf-
flation is also effective in resolving postoperative pulmo-
nary congestion.>® The therapy is usually administered us-
ing either an air-cushion face mask or mouthpiece, but it
can also be administered via artificial airway. Mechanical
in-exsufflation was more effective in clearing secretions
and was better tolerated than endotracheal suctioning in
groups of ventilator-dependent tracheostomy patients.>!-32

Combining Cough Therapies

Greater peak cough flow can be produced by combining
insufflation therapy with assisted cough. In studies that
compared peak cough flow using mechanical insufflation
combined with manually assisted cough to mechanical in-
sufflation and manually assisted cough alone, the com-
bined therapies produced significantly higher peak cough
flow than either therapy alone.!®-31-34 Bach also reported
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an improvement in secretion clearance using mechanical
in-exsufflation in conjunction with either abdominal thrusts
or intermittent abdominal pressure ventilation synchronized
with exsufflation.?3

Limitations of Cough Augmentation

Limitations in the effectiveness of cough-augmentation
therapy have been associated with 3 conditions: severe
bulbar paralysis, COPD, and chest-wall restriction. In a
study that evaluated the effectiveness of mechanical in-
exsufflation in matched groups of patients with bulbar and
nonbulbar ALS, the bulbar patients who could not gener-
ate a peak cough flow of 2.7 L/s using maximum insuf-
flation maneuvers were also not able to generate a peak
cough flow > 2.7 L/s with the aid of mechanical in-ex-
sufflation.>® The inability to produce the necessary peak
cough flow to clear secretions is attributed to dynamic
upper-airway and glottic obstruction with exsufflation.

A study that evaluated the benefit of mechanical insuf-
flation and manually assisted cough alone and in combi-
nation, included 9 normal subjects, 8 patients with respi-
ratory-muscle weakness, 4 patients with respiratory-muscle
weakness and scoliosis, and 9 patients with COPD. Though
the combined therapies produced the highest peak cough
flow in the respiratory-muscle-weakness group, the respi-
ratory-muscle-weakness-with-scoliosis group received no
significant benefit from pressure-limited insufflation with
manually assisted cough. The COPD group experienced
significantly decreased peak flow with both manually as-
sisted cough and combined mechanical insufflation with
manually assisted cough.!®

The ability to apply effective manually-assisted cough
maneuvers may be limited by severe scoliosis, orthopedic
or abdominal abnormalities, post-abdominal surgery, or
the presence of indwelling abdominal or pelvic catheters.
Manually-assisted coughing should not be used in patients
with Greenfield filters.

Secretion Mobilization or Cough Augmentation

Understanding the pathophysiology of a patient’s dis-
ease state and applying effective therapy are important in
the management of respiratory disease. The decision to use
secretion-mobilization and/or cough-augmentation therapy
should be based on an understanding of the neuromuscular
disease process. Neuromuscular respiratory insufficiency
is an extrinsic lung disease in which the muscle function
that usually supports ventilation, lung-volume recruitment
(sighing), and cough are limited by neural and/or muscle
disease. The majority of patients with neuromuscular re-
spiratory insufficiency do not have bronchial comorbidi-
ties that limit normal mucociliary function. Manual and
mechanical chest physiotherapy have been commonly used
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as preventive-maintenance airway-clearance therapy for
pediatric patients with neuromuscular disease. There is
little clinical evidence to support this therapy, unless the
patient has bronchial disease that encumbers normal mu-
cociliary function or develops pulmonary congestion as-
sociated with respiratory infection.

In a study that compared intrapulmonary percussive ven-
tilation to manually assisted cough in a group of patients
with Duchenne muscular dystrophy, mucus hypersecre-
tion, and tracheostomy ventilation, the sputum weight col-
lected was significantly greater from the group that under-
went intrapulmonary percussive ventilation.>* In a case
series that included 3 neuromuscular patients with persis-
tent consolidation and atelectasis that was refractory to a
regimen of chest physiotherapy and manually assisted
cough, intrapulmonary percussive ventilation was effec-
tive in the resolution of pulmonary congestion.>>

The primary limitation in the secretion management of
neuromuscular respiratory patients is cough clearance. De-
veloping cough weakness in patients with neuromuscular
disease will usually go unnoticed, as they have little or no
need to cough, since the mucociliary system clears the
normal daily mucus volume. When a respiratory infection
occurs, a weak cough becomes the limiting factor in the
patient’s ability to maintain secretion clearance, and pul-
monary congestion develops as the patient fatigues with
the increased need to clear secretions. In a group of pa-
tients with Duchenne muscular dystrophy, a preventive-
maintenance program of oximetry monitoring and timely
cough-augmentation therapy combined with noninvasive
ventilatory support was used to successfully manage re-
spiratory infections, and the program significantly de-
creased the need for hospitalization.?8-3¢ This same nonin-
vasive respiratory-management protocol was also
successfully used with a variety of other neuromuscular
patients with respiratory insufficiency—including spinal
muscular atrophy, myopathy, non-Duchenne muscular dys-
trophy, post-polio syndrome, and ALS—with the same
results.”” In a recent study that compared mechanical in-
exsufflation combined with secretion mobilization therapy
to secretion mobilization therapy alone with neuromuscu-
lar patients hospitalized for pulmonary congestion associ-
ated with respiratory infection, the combined therapies sig-
nificantly decreased treatment failure.* Mechanical in-
exsufflation was also effective in the resolution of
postoperative pulmonary consolidation in a patient with
Duchenne muscular dystrophy who had a spinal fusion
procedure.>°

Though education and early aggressive use of airway-
clearance therapy is recommended, the use of mechanical
in-exsufflation is strongly supported in conjunction with
oximetry monitoring in the American Thoracic Society
consensus statement on the respiratory management of pa-
tients with Duchenne muscular dystrophy.?® A global res-
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piratory-management approach that monitors ventilation
sufficiency, corrects for inadequate ventilation, and sup-
ports adequate cough clearance addresses the respiratory
limitations associated with chronic progressive respiratory
insufficiency.

Summary

The need to support airway clearance in patients with
neuromuscular disease is often neglected for lack of ap-
parent need when the patient is medically stable. The ex-
trinsic effect of neuromuscular disease on ventilation, lung-
volume recruitment, and cough is variable in both the
presentation and course of the respective disease process.
Though the pathophysiology of neuromuscular-induced
cough insufficiency is well understood, periodic out-pa-
tient diagnostic testing to evaluate cough strength is not
always done. There are several alternative means of non-
invasive cough-augmentation therapy that effectively sup-
port cough clearance and, when combined with noninva-
sive ventilation, can significantly reduce morbidity in the
respiratory management of patients with neuromuscular
disease. Patients with neuromuscular disease who are hos-
pitalized for complications of respiratory infection or for
surgical procedures can be successfully supported by non-
invasive secretion-mobilization and cough-augmentation
therapy. A neuromuscular respiratory-management pro-
gram that includes periodic evaluation of cough strength
and timely initiation of effective cough-augmentation ther-
apy can improve both the quality and duration of life for
patients with respiratory insufficiency.
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Discussion

Pierson:” Josh, this comment
doesn’t relate specifically to the ma-
terial you just presented, but I'm not
sure we’re going to have an opportu-
nity to talk about it elsewhere, since
we’re about to shift into critical care.

* David J Pierson MD FAARC, Division of
Pulmonary and Critical Care Medicine, Har-
borview Medical Center, University of Wash-
ington, Seattle, Washington.
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One of the things we talked about in
the initial planning of this conference
is what appear to be huge disparities
around the country in knowledge about
and availability of the modalities
we’ve been talking about to patients
who need them. Do you have any data
from surveys or other sources to illus-
trate these disparities? For example,
I’ve heard that among patients with
ALS, only tiny fractions of them are
under the care of clinicians who offer
them modalities such as the in-exsuf-

flator or noninvasive ventilation—or
even know about these things.

Benditt: First of all, I’'m sorry Louis
Boitano couldn’t be here, because he
represents the people who deal with
this daily. But, yes, I do have some
data, and in my third and final talk
tomorrow I’'m going to present a little
of that data. However, you are abso-
lutely correct: there is a disparity of
use of these devices around the coun-
try and around the world. There has
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been an increase in the knowledge
about these, and what’s interesting is
that at our hospital, and I think at Mas-
sachusetts General Hospital, once the
house staff start to use these things
they realize how good they are, and,
hopefully, in that way their value will
disseminate. But, absolutely, surveys
of Muscular Dystrophy Association
clinics, where a lot of this care occurs,
show that there is a wide range of
knowledge about the various ventila-
tor modes, cough-support, treatments,
etc. And it’s a problem.

Hill: I want to underline that point,
that most of our acute-care hospitals
have very little knowledge about
cough techniques. When patients with
impaired cough are admitted, unless
somebody happens to have special
knowledge about things like quad
cough or mechanical cough-assist de-
vices, patients end up intubated or even
tracheostomized, because no one
thought to assist cough.

My question has to do with ALS
patients with bulbar dysfunction. We
heard in Noah Lechtzin’s lecture that
noninvasive ventilation works pretty
poorly in that subgroup of patients,
and you’ve just shown us that the me-
chanical in-exsufflator doesn’t work
so well either. Then what can we do
to help these patients?

Benditt: Probably the most difficult
part of treating neuromuscular disease
is the patient who has glottic dysfunc-
tion. And I have no special tricks. I
don’t think there’s a lot that you can
dononinvasively, because, as the “por-
tal of entry” to the respiratory system,
it’s crucial for everything—for the
cough, as I’ve shown you, and for
maintaining the ability to use nasal
and full-face-mask interfaces. One
thing that you can do for them is tra-
cheostomy, and most authors suggest
that one indication for invasive venti-
lation is when glottic dysfunction
progresses to the point where the pa-
tient can no longer tolerate it. It’s a

very tough thing. I do not have any
tricks.

Lechtzin: I’ll comment on that, and
then I have a related question. Though
I’'m still skeptical, our hope is that there
may be a role for high-frequency-
chest-wall-oscillation (the Vest). Pa-
tients tolerate the Vest better than the
in-exsufflator. And the people who
make the Vest claim that, because of
the way it oscillates, it propels secre-
tions proximally and up the respira-
tory tract. I may have pictures show-
ing it, although I'm not sure I
understand the physiology behind it.
So, potentially, the Vest may be a way
to help some patients to some extent.
It’s been my experience, with hospi-
talized patients with neuromuscular
disease, that if I ask the respiratory
therapists about mechanical in-exsuf-
flation they look at me like I'm crazy.
Have you been able to do anything to
change their thinking?

Benditt: 1 think it’s really an expo-
sure issue. We had in-services for all
the therapists in our hospital, and we
repeat that about every 2 years to show
them what we’re doing with the neuro-
muscular patients. Once the therapists
got onto this and started seeing it, it just
spread like wildfire. We have an in-ex-
sufflator in the clinic that we like to
demonstrate for patients, and now we’re
finding that it’s getting taken out to the
intensive-care unit, and commonly be-
ing used on tracheostomized patients.
So, once they pick up on it, they really
start to understand what it’s about and
use it. I think it is an information issue,
and it requires repeated in-services and
teaching. They have them at Harbor-
view and the Veterans Affairs hospital
in Seattle now, and it spreads through-
out.

We tell our patients to bring their
equipment with them when they come
in, such as their BiPAP and CoughAs-
sist, and often the parents and the pa-
tient will teach the hospital staff how
to use it. It’s very helpful when a fam-
ily member can spend time with them.
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We’ve saved intubations because of
that.

And it’s unfortunate, but at my hos-
pital I have a very hard time getting
my fellows interested in this as a pul-
monary problem. They say, “Well, the
lungs are fine, so it can’t be a pulmo-
nary problem.” They don’t get so in-
terested in it, but if you look at the
history of pulmonary medicine, some
of the biggest things that we have done
with polio and spinal-cord injury re-
late to ventilation, not oxygenation
problems, as occurs in parenchymal
lung disease. So I constantly make a
pitch that this is as much a part of
pulmonary medicine as acute lung in-
jury—heresy!

Brown: Every pulmonary fellow
who comes to the Respiratory Acute
Care Unit at Massachusetts General
Hospital gets attached to an in-exsuf-
flator during his or her rotation, just to
see what it’s like. You may be amused:
I once attached myself to an in-exsuf-
flator and sucked myself down to
—40 cm H,O for 50 seconds, and for
the next half an hour I felt short of
breath and was coughing. I think I in-
duced interstitial pulmonary edema
with the negative pressure.

Hill: Atleast you didn’t try a noose,
which would probably do the same
thing.

Brown: The problem that you point
out is exactly the same problem that
we have with cuff-deflation and
speech-production in people on long-
term mechanical ventilation. And, gen-
erally speaking, in the community
there is very little knowledge about
deflating the cuff—and, indeed, a re-
luctance to deflate the cuff—because
of fear of hypoventilation. I hope this
issue of RESPIRATORY CARE helps to
spread the word about cuff-deflation.

Hill: Regarding out-patients who
use the mechanical in-exsufflator, I've
encountered patients who, even though
they have very low cough flow, have
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no problem handling their secretions,
because their glottic function is intact.
I’'m referring to patients with Duch-
enne muscular dystrophy and similar
conditions. They put the in-exsuffla-
tor in the closet and they don’t use it,
because it’s not of much use most of
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the time. Then, when they get a bron-
chitis and they can’t handle the in-
creased secretion load, they’re in trou-
ble, because either they forget about
the in-exsufflator (this happened to me
in one case when a patient died at
home of a mucus plug) or they aren’t

Neuroglial cells
Santiago Ramdn y Cajal
Madrid, 1823
Courtesy MNational Library of Medicine

comfortable with it and can’t make
effective use of it. So, I absolutely
insist that they use it every day, to
stay in practice. I think this is a very
important point, because the in-exsuf-
flator doesn’t work as effectively if
someone is unfamiliar with it.
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