
Respiratory Support in Patients With Amyotrophic Lateral Sclerosis

Despite advances in the medical therapy of amyotrophic
lateral sclerosis (ALS), the management of ALS re-
mains predominantly supportive, with a primary focus on
the respiratory system, including support of ventilation
and clearance of secretions. Two papers in this issue of
RESPIRATORY CARE address the respiratory care of patients
with ALS.1,2
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To contrast the impact of pharmacologic and respiratory
interventions, riluzole, the only drug documented to pro-
long survival in ALS, prolongs median survival by
2–3 months with no clear subjective benefits,3 whereas
noninvasive ventilation (NIV) prolonged median survival
by 7–12 months and improved quality of life in a ran-
domized trial,4 and cohort studies.5,6 Several challenges
remain in the application of NIV in patients with ALS, in-
cluding the timing of initiation, whether or not it favorably
alters the course of diaphragm impairment, and underutiliza-
tion.

Current criteria for Medicare coverage of NIV in pa-
tients with ALS include any of: FVC � 50%, maximum
inspiratory pressure � 60 cm H2O, SpO2

� 88% for at least
5 continuous minutes, or a PaCO2

of � 45 mm Hg.7 The
Practice Parameters update of the American Academy of
Neurology added a sniff nasal pressure � 40 cm H2O and
orthopnea as additional criteria that may justify initiation
of NIV.8 While earlier initiation of NIV may have advan-
tages, there are difficulties in achieving adherence in pa-
tients who are not symptomatic with orthopnea or dys-
pnea.9,10 A stronger argument for earlier initiation of NIV
could be made if the intervention favorably modified the
course of the disease, and there may be a scientific ratio-
nale for a favorable effect of NIV on the rate of decline of
lung function.

For instance, in diseases of the anterior horn cells such
as post-polio syndrome and ALS, sprouting from surviv-
ing axons reinnervates muscle fibers previously supported
by the destroyed anterior horn cells, resulting in a larger
muscle mass innervated by a smaller pool of motor neu-
rons (enlarged macro-motor units). In ALS there is evi-
dence of reinnervation leading to an increase in muscle

fibers innervated by a single motor neuron, and of con-
duction defects at newly formed reinnervated neuromus-
cular junctions.11 These macro-motor units may be sus-
ceptible to failure due to drop out of the chronically
overloaded lower motor neurons, loss of their larger sub-
tended muscle mass, and dysfunction of the new neuro-
muscular junction. If NIV can reduce diaphragmatic mus-
cle overload and reduce macro-motor unit drop-out, then it
may have a favorable effect on the course of the disease.
In several studies NIV has been proposed to decrease the
rate of decline of lung function,4,6,12 but another study
showed that, while the rate of lung function decline slows
over time, this slowing was independent of initiation of
NIV.5

There may still be advantages to earlier NIV initiation
that are unrelated to a modification of the progress of the
disease. For instance, early initiation improves adher-
ence,13-15 and may therefore be a consideration for patients
with expected adherence issues, such as those with bulbar
symptoms. Otherwise, outcome studies regarding earlier
initiation of NIV are limited. In a randomized trial, early
initiation of NIV at the onset of nocturnal desaturation
increased the vitality subscale of the 36-item Medical Out-
comes Study Short Form questionnaire, compared to stan-
dard initiation at an FVC of � 50% of predicted.14 In a
prospective study of early NIV at the onset of nocturnal
desaturation (� 15 desaturations/h), the mean survival
was 11 months longer, compared to a historical control
group in which NIV was started for daytime hypoxemia
or hypercarbia (PaO2

� 80 mm Hg, with or without PaCO2

� 45 mm Hg).15 In a retrospective cohort, early initiation
of NIV, at an FVC � 65% of predicted, was associated
with a significant increase in the median time from ALS
diagnosis to death, compared to initiation from an FVC of
� 65% of predicted (2.7 y vs 1.8 y).16

Improved survival and improved quality of life are now
well established benefits of NIV, whether the initiation of
NIV is “late” (hypercapnia and FVC 38–45% of predicted
at initiation),17 or “early” (FVC 49–56% of predicted at
initiation).4 Therefore, while the optimal timing of NIV
initiation is an important consideration, it is not as impor-
tant as ensuring that those who qualify for it, based on
current criteria, are offered the intervention. Unfortunately,
only 21% of patients with ALS receive NIV when they
would qualify for it, based on existing guidelines.18 The
study by Vitacca et al in this issue of the Journal elegantly
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demonstrates the importance of a referral to specialized
pulmonary care, where the reported use of NIV and as-
sisted-cough techniques are substantially higher.2 How-
ever, they also document substantial practice variability in
their survey of Italian pneumology units that treat patients
with neuromuscular disease. The majority of these centers
initiated NIV for diurnal hypercapnia or for nocturnal de-
saturation, and only 67% of the respondents considered a
sitting FVC of � 50% of predicted, or a reduction in
maximum inspiratory pressure to initiate NIV. Moreover,
only 39% of the centers considered clinical symptoms as
criteria to start NIV.2 Although these answers may reflect
lack of knowledge, disagreement on guidelines, or simply
practice variation, it may lead to patients not receiving
therapy when it is indicated.

An additional challenge is that not all patients tolerate
NIV, due to factors that may include the presence of bul-
bar symptoms,13,17 lower vital capacity at initiation,13 or
frontotemporal dementia.19 Still, NIV improved symp-
toms (without a survival advantage) in patients with severe
bulbar impairment, in the randomized trial by Bourke et al,4

and patients with moderate to severe bulbar symptoms
may still have a survival advantage if they are adherent to
NIV.17 Thus, achieving NIV tolerance has important out-
come implications.

In one study, only 32% of ALS patients were adherent
to NIV in the presence of moderate to severe bulbar symp-
toms, compared to 64% in their absence.5 In contrast, the
study by Vandenberghe et al in this issue, which assessed
a cohort of ALS patients for clinical predictors of NIV
tolerance, confirms bulbar involvement as a predictor of
NIV intolerance, but also documents a much higher over-
all NIV tolerance, of 75%.1 There may be multiple reasons
for this difference, including the criteria defining adher-
ence and the chronological difference between the studies.
However, initiation of NIV is done in in-patient pulmo-
nary wards in Europe, compared to out-patient clinics in
the United States. Those dedicated units may improve NIV
tolerance with the use of different masks, devices, and
counseling.

Vandenberghe and colleagues found that the accumula-
tion of secretions (as assessed via physical exam) was
associated with increased NIV intolerance (odds ratio 11.5)
and with a nonsignificant, but perhaps clinically relevant,
decreased total time use of NIV. While bulbar involve-
ment was also predictive of NIV intolerance, the pooling
of secretions was more common (15% vs 5%) in patients
without bulbar involvement (as assessed by clinical scores).1

The pooling of secretions in the airway speaks of the in-
tegrity of the bulbar innervations, and Vandenberghe et al
have described another way to detect bulbar impairment.

We lack an objective marker of bulbar function, and
most studies have used subscores of the ALS Functional
Rating Scale (ALSFRS-R) and the Norris scale.20,21 Those

scores’ cutoff points are arbitrary, and no study has de-
fined a cutoff that accurately reflects an objectively mea-
sured clinical impairment. For example, in a study that
assessed swallowing with scintigraphy, the ALSFRS-R
bulbar score correlated with the degree of swallowing, but
swallowing dysfunction was present even at the highest
scores (less symptoms).22 The evaluation of bulbar func-
tion remains subjective as a clinical assessment, where
some clinical tests (swallowing and speech) and patient
recall define the level of bulbar involvement. This is in
contrast to the evaluation of ventilation, where several
objective functional markers are followed through time.
Of all the routine respiratory tests ordered, peak cough
flow is the only test that reflects bulbar function in addi-
tion to inspiratory and expiratory muscle function. The
difference between peak cough flow and peak expiratory
flow has thus been proposed to measure bulbar involve-
ment.23 We need a more accurate way to detect and quan-
tify the level of bulbar involvement.24,25 A specific test of
bulbar function may help to recognize the group of pa-
tients at higher risk of NIV failure, at need for early ini-
tiation of mechanical cough assistance, or will simply help
to better classify/quantify bulbar involvement.26

An alternative or complementary option to NIV for the
support of inspiratory function is available. Diaphragm
pacing was approved by the Food and Drug Administra-
tion in September 2011 as a humanitarian use device for
patients with ALS. This designation was based on evi-
dence that the device imparted probable benefits that out-
weigh the risk of injury. The exact indications for the
device and firm evidence of benefit need to be established.
For instance, the intended use of the device is for indi-
viduals with a stimulable diaphragm, in association with
evidence of chronic hypoventilation, and an FVC � 45%
of predicted. In view of the upper and lower motor neuron
distribution of ALS, the requirement for a stimulable di-
aphragm would require a predominance of upper motor
neuron involvement and a relatively preserved lower mo-
tor neuron function. There is focality of disease distribu-
tion, with a normal distribution of lower motor loss rang-
ing from 8% to 90%,27,28 providing a window of opportunity
for diaphragm pacing in individuals with more preserved
lower motor neuron function of the diaphragm. Currently,
this is assessed by demonstration of voluntary contraction
of the diaphragm by fluoroscopy, ultrasound of the dia-
phragm (documenting thickening with inspiration), or
phrenic nerve conduction studies.29 There is now exten-
sive experience in some centers, and the reported advan-
tages include more rapid extubation after implantation with
the use of the device, improved respiratory compliance,
delayed need for ventilatory support (by up to 24 months),
and improved sleep quality.30,31 More studies are neces-
sary to confirm these results. Interestingly, diaphragm pac-
ing and NIV may complement each other, as noninvasive
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devices can respond to the stimulus from the diaphragm
pacer, and positive pressure can compensate for the po-
tential of upper-airway obstruction that can occur with
negative airway pressure from diaphragm pacing.32

The management of secretions poses a particular chal-
lenge in patients with bulbar disease. Not only do secre-
tions interfere with NIV, they have a predominant role in
NIV intolerance in bulbar patients and pose a potential
hazard for the use of NIV. The survey by Vittaca et al
highlights this issue with secretion clearance in ALS: 80%
of the referrals to the Italian pulmonology units were for se-
cretion management, in contrast to 6% for patients
with other neuromuscular diseases.2 In the same line,
Vandenberghe’s protocol focused on control of secretion
pooling to improve NIV adherence.1 They suggest that
routine assessment for pooled secretions could help iden-
tify patients at risk for NIV intolerance. Our approach to
these patients is to implement appropriate secretion clear-
ance techniques, then offer NIV, possibly earlier in the
course of the disease, since earlier initiation may facilitate
adherence.13-15

Secretion clearance with manually assisted and mechan-
ically assisted cough is also life-prolonging. Peak cough
flow can be enhanced by abdominal thrust, air stacking,
use of NIV, or insufflation/exsufflation.33 Cough augmen-
tation enhances secretion clearance, reduced hospitaliza-
tions and respiratory infections, and improves survival.34-37

However, the data supporting its use are mainly from ob-
servational studies, expert opinion, and retrospective
studies.

Finally, if the patient is intolerant of NIV or the respi-
ratory failure persists despite all support, the question is
when to place a tracheostomy. Some studies have demon-
strated prolonged survival and similar quality of life to
NIV, at the cost of an increase in respiratory infections.38,39

Questions remain regarding the optimal timing for trache-
ostomy placement, whether a cuffed or uncuffed tube should
be used, and the ventilation mode. The survey by Vitacca
et al highlights the paucity of information: 64% of the
responding centers felt that tracheostomy was a poor prog-
nostic factor, the majority considered its main indication to
be failure to wean from mechanical ventilation, and 10%
of the centers never offer it as an option.2 This is a sample
of the plethora of views and concepts physicians hold
toward tracheostomy in patients with ALS.

Perhaps these views are changing in the same way our
views and attitudes toward NIV have changed.40 In the
past, the care of these patients was done at a few medical
centers, with one physician leading the way. This expert
dealt with all the neuromuscular patients, using different
techniques and criteria for care. In recent years, as NIV
and cough-assist devices became ubiquitous, the practice
patterns have changed, and practice parameters have been
published.8 More centers and physicians are caring for
patients with neuromuscular diseases and implementing
supportive respiratory interventions. The impact on sur-
vival is becoming apparent. Specifically, data from the
placebo arms of 16 randomized trials published from 1994
to 2008 show that the survival of ALS patients has im-
proved, even without improvements in measures of func-
tion.41 The nihilistic approach continues to wane as more
patients with progressive neuromuscular diseases live lon-
ger, with better quality of life, and in their homes. While
there has been substantial progress, until more definitive
treatments for ALS are found, much more remains to be
done in the supportive care of our ALS patients.
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