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BACKGROUND: Noninvasive ventilation (NIV) is commonly used to provide ventilatory support
for individuals with amyotrophic lateral sclerosis (ALS). Once 24-h ventilation is required, the
decision between invasive tracheostomy ventilation and palliation is often faced. This study de-
scribes the use and outcomes of daytime mouthpiece ventilation added to nighttime mask ventilation
for continuous NIV in subjects with ALS as an effective alternative. METHODS: This was a
retrospective study of 39 subjects with ALS using daytime mouthpiece ventilation over a 17-y
period. RESULTS: Thirty-one subjects were successful with mouthpiece ventilation, 2 were ex-
cluded, 2 stopped because of lack of motivation, and 4 with bulbar subscores of the Revised
Amyotrophic Lateral Sclerosis Functional Rating Scale (b-ALSFRS-R) between 0 and 3 physically
failed to use it consistently. No subject in the successful group had a b-ALSFRS-R score of <6.
Thirty of the successful subjects were able to generate a maximum insufflation capacity � vital
capacity difference with lung volume recruitment. The median (range) survival to tracheostomy or
death from initiation of nocturnal NIV and mouthpiece ventilation were 648 (176–2,188) and 286
(41–1,769) d, respectively. Peak cough flow with lung-volume recruitment >180 L/min at initiation
of mouthpiece ventilation was associated with a longer survival (637 � 468 vs 240 � 158 d (P � .01).
CONCLUSIONS: Mouthpiece ventilation provides effective ventilation and prolonged survival for
individuals with ALS requiring full-time ventilatory support and maintaining adequate bulbar
function. Key words: mouthpiece ventilation; noninvasive ventilation; amyotrophic lateral sclerosis;
NIV; ALS. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Amyotrophic lateral sclerosis (ALS) is an incurable neu-
rodegenerative disease affecting upper and lower motor
neurons and resulting in progressive skeletal muscle weak-
ness. Respiratory failure is the most common cause of
death, and is often associated with pneumonia.1 The me-
dian survival after symptom onset is 3 y.2

There is evidence for the benefit of nocturnal noninva-
sive ventilation (NIV) in ALS. One randomized controlled

trial demonstrated improved survival and quality of life
with the use of NIV in ALS subjects without severe bulbar
dysfunction, and improved quality of life in those with
poor bulbar function.3 Improved survival and quality of
life were also reported by several non-randomized studies
as were improved gas exchange, reduced rate of decline in
vital capacity (VC), and enhanced cognition.4-15

Although NIV is initiated during sleep, continuous, 24-h
ventilation may eventually be required, and invasive tra-
cheostomy ventilation is often discussed. Although po-
tentially necessary for extended survival, tracheostomy
is associated with long-term morbidity, a high burden of
care, and frequent residence in an acute or chronic care
facility.16

Subjects with sufficient bulbar muscle function to hold
an insufflation deeper than their spontaneous VC with lung-
volume recruitment and to generate assisted peak cough
flow �180 L/min have demonstrated successful use of
24-h NIV, regardless of their VC or hours of ventilatory
support needed.17 Continuous use of conventional mask
interfaces limits speech, nutrition, and mobility and can
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cause skin breakdown. Daytime ventilation with volume-
targeted mouthpiece ventilation eliminates these issues.

To our knowledge, publication on mouthpiece ventila-
tion in ALS is limited to 19 subjects in a total of 3
studies.17-19 Few details were provided about its use, and
some subjects may have used orally retained interfaces.

The primary objective of our study was to describe the
use and outcomes of daytime mouthpiece ventilation in
addition to nocturnal conventional mask NIV for 24-h ven-
tilation in a subset of individuals with ALS with relatively
preserved bulbar function. The secondary objective was to
assess factors contributing to its successful use.

Methods

Study Population

Study subjects were from the Ottawa Hospital Rehabil-
itation Centre’s interprofessional ALS clinic/Canadian Al-
ternatives in Noninvasive Ventilation (CANVent) Program.
Subjects were all referred by neurologists and diagnosed
with definite or probable ALS using El Escorial criteria.20

Subjects completed respiratory assessments and pulmo-
nary function testing every 2–6 months, depending on the
rate of progression. Testing included measurement of FVC,
maximum inspiratory pressure, maximum expiratory pres-
sure, maximum voluntary ventilation, and maximum in-
sufflation capacity. Predicted values were from the Na-
tional Health and Nutrition Examination Survey III.21 The
maximum insufflation capacity is the volume of air ex-
haled from a maximum lung inflation obtained with lung-
volume recruitment.22 The latter was done with a handheld
resuscitation bag via a mouthpiece or face mask. By clos-
ing the glottis and retaining each inspiratory volume, the
patient stacks multiple breaths, reaching a lung volume
closer to normal predicted. Spontaneous peak cough flow
and assisted peak cough flow immediately after lung-volume
recruitment were measured using a peak flow meter with the
subject forcibly coughing into a mouthpiece or face mask.
We have used the Revised Amyotrophic Lateral Sclerosis
Functional Rating Scale (ALSFRS-R),23 a validated ques-
tionnaire for measuring physical function, since 2000. It in-
cludes 12 items assessing bulbar, limb, and respiratory func-
tion, each rated on a 5-point scale from 4 (normal function)
to 0 (maximum impairment). A bulbar subscale score (b-
ALSFRS-R) is recorded from the first 3 items (speech, sali-
vation, and swallowing) and scored from 0 to 12.24

When VC falls below 80% of predicted and/or peak
cough flow is �270 L/min, lung-volume recruitment at
least twice daily is prescribed. If the peak cough flow with
lung-volume recruitment remains �270 L/min, manually
assisted cough and/or mechanical in-exsufflation, if avail-
able, is introduced.25

Patient education included a session on respiratory care,
NIV, and advance directives.26 Indications for nocturnal
NIV included orthopnea, daytime hypercapnia, symptoms
of sleep-disordered breathing, FVC �50% of predicted, or
maximum inspiratory pressure �40 cm H2O.27,28 Noctur-
nal bi-level parameters were determined in the out-patient
clinic. Subsequent adjustments were made based on com-
fort, symptoms, downloaded bi-level data,29 carbon diox-
ide level, and overnight oximetry.

With progression of respiratory muscle weakness, pa-
tients will increase use of NIV to control hypercapnia
and/or relieve daytime dyspnea. When NIV use is �12 h/
day, mouthpiece ventilation is recommended for those who
wish to pursue 24-h NIV and who maintain sufficient bul-
bar function to retain a mouthpiece and achieve an ade-
quate seal around it in order to maintain adequate venti-
lation and perform lung-volume recruitment.

For initiation of mouthpiece ventilation, an out-patient
education session with a trial and adjustment of ventilator
parameters was provided. For the successful subject, 2
volume-targeted devices are ordered. On arrival, the first
ventilator tubing and mouthpiece are mounted on the wheel-
chair (Fig. 1), and the settings are adjusted. The continu-
ous mandatory ventilation mode is used. Tidal volume
(from 800 to 1,800 mL), inspiratory time, and breathing
frequency were set according to the subject’s need and
comfort. The second ventilator is used in pressure-control
mode with previous nighttime parameters and replaces the
bi-level device.

Study Design

A retrospective chart review was performed of every
subject for whom mouthpiece ventilation was prescribed

QUICK LOOK

Current knowledge

Noninvasive ventilation improves survival and quality
of life of patients with amyotrophic lateral sclerosis
(ALS). It is generally provided through mask ventila-
tion. Once 24-h ventilation is required, patients often
face the choice of tracheostomy or palliation. Mouth-
piece ventilation is a possible alternative.

What this paper contributes to our knowledge

Mouthpiece ventilation is a safe, convenient, and effective
way of providing noninvasive ventilation in ALS individ-
uals with preserved bulbar function. Survival of those who
achieved peak cough flows �180 L/min was significantly
longer. A Revised ALS Functional Rating Scale bulbar
subscale score of �6 could be a predictor of success.
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from January 1996 to December 2012. Demographic data,
age at onset of symptoms, and age at diagnosis were re-
corded. Dates were recorded for symptom onset, diagno-
sis, introduction of nocturnal NIV, NIV utilization �12 h/d,
initiation of mouthpiece ventilation, and tracheostomy or
death. All pulmonary function test scores and ALSFRS-R
and b-ALSFRS-R scores were reviewed, and the nearest
values to each of the timeline dates were recorded. Time
from diagnosis to initiation of nocturnal NIV was calcu-
lated, and indications for introduction of nocturnal NIV
were noted. Time from mouthpiece ventilation to trache-
ostomy or death was determined as well as time to trache-
ostomy or death from symptom onset, diagnosis, and ini-
tiation of nocturnal NIV. Successful use of mouthpiece
ventilation was defined as consistent use for at least 1 month.
The study was approved by the Ottawa Health Science
Network Research Ethics Board (2007951-O1H).

Statistical Analysis

Statistical analyses were carried out using SAS 9.2 (SAS
Institute, Cary, North Carolina). Results are expressed as
mean � SD unless otherwise specified. The Wilcoxon test
was used for comparison of ALSFRS-R and b-ALSFRS-R
between groups with significance level set at P � .05.

Analysis of survival was undertaken using the Kaplan-
Meier method, and the log-rank test was applied for be-
tween-group comparison of survival.

Results

During the study period, 204 patients were prescribed
NIV. Thirty-nine of these (19%) were prescribed mouth-
piece ventilation. The first 2 subjects successfully used
mouthpiece ventilation for 770 and 852 d but were ex-
cluded from the analysis due to limited data.

Thirty-seven subjects were included in the analysis. Base-
line characteristics are presented in Table 1. Time from
diagnosis to initiation of nocturnal NIV varied from �43 d
(one subject started before diagnosis) to 1,541 d, with a
median of 317 d. Twenty-six subjects (70%) had more
than one indication for nocturnal NIV. FVC �50% of
predicted was the most common indication (25 of 37),
followed by maximum inspiratory pressure �40 cm H2O
(22 of 37), daytime hypercapnia (16 of 37), symptomatic
sleep-disordered breathing (10 of 37), orthopnea (8 of 37),
and finally acute respiratory failure (5 of 37).

Time from introduction of nocturnal NIV to initiation of
mouthpiece ventilation ranged from 0 to 852 d, with a
median of 200 d. Five began mouthpiece ventilation si-

Fig. 1. Subject using mouthpiece noninvasive ventilation.

Table 1. Characteristics of Subjects on Initial Assessment

Characteristics Values n

Male/female sex, n (%) 30/7 (81) 37
Age at symptom onset, mean � SD y 56.8 � 9.4 37
Age at diagnosis, mean � SD y 58.0 � 9.1 37
Time between diagnosis and first pulmonary

assessment, median (IQR) d*
39 (25–69) 36

Use of riluzole, % 67.6 37
Initial PFT, mean � SD*

FVC, L 3.49 � 1.35 36
FVC, % predicted 77 � 22 36
Maximum inspiratory pressure, cm H2O �58 � 32† 31
Maximum expiratory pressure, cm H2O 71 � 31† 31
MVV, L/min 96 � 47 32
MVV, % of predicted 71 � 28 32
PCF, L/min 422 � 167 32

Initial ALSFRS-R total score, median (IQR) 43 (37–44) 37
Initial b-ALSFRS-R score, median (IQR) 12 (10–12) 37

N � 37.
* Initial pulmonary function test unavailable for one subject referred from another center once
already on nocturnal noninvasive ventilation.
† May be underestimated because earlier equipment did not measure maximum inspiratory
pressure �60 (n � 4) and maximum expiratory pressure �60 cm H2O (n � 3).
IQR � interquartile range
PFT � pulmonary function test
MVV � maximal voluntary ventilation
PCF � spontaneous peak cough flow
ALSFRS-R � Revised Amyotrophic Lateral Sclerosis Functional Rating Scale
b-ALSFRS-R � ALSFRS-R bulbar subscore

DAYTIME MOUTHPIECE FOR NIV IN ALS

RESPIRATORY CARE • ● ● VOL ● NO ● 3

RESPIRATORY CARE Paper in Press. Published on June 28, 2016 as DOI: 10.4187/respcare.04309

Copyright (C) 2016 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



multaneously with nocturnal NIV: 2 were extubated after
acute respiratory failure directly to nocturnal NIV and day-
time mouthpiece ventilation, 2 had daytime dyspnea and
hypercapnia, and one had important daytime dyspnea and
a rapidly declining FVC.

For 24 of the remaining 32 subjects, downloaded bi-
level data and/or clinical notes allowed the identification
of daily use of NIV �12 h before the initiation of mouth-
piece ventilation. Information was unavailable for 3 sub-
jects, and 5 had mouthpiece ventilation introduced at �12 h
of daily NIV use because of significant daytime shortness
of breath insufficiently relieved by NIV or intolerance of
mask NIV while awake. In all subjects, daytime hyper-
capnia or symptoms of dyspnea were resolved with the
addition of mouthpiece ventilation.

Six of the 37 subjects used mouthpiece ventilation for
�1 month and were deemed unsuccessful subjects. Re-
view of their charts identified 2 groups. Two subjects,
although fully capable of mouthpiece ventilation, chose
not to use it, preferring to use mask NIV to alleviate their
symptoms. They had b-ALSFRS-R scores of 10 and 12,
generated maximum insufflation capacity-VC differences

of 2.76 and 1.51 L, and had peak cough flow with lung-
volume recruitment of 380 and 460 L/min, respectively.
The remaining 4 were highly motivated but physically
failed to use it adequately. They each had a b-ALSFRS-R
score between 0 and 3, only one achieved a maximum
insufflation capacity-VC difference, only one had a peak
cough flow �180 L/min, and none demonstrated an in-
crease in peak cough flow with lung-volume recruitment.

Characteristics of the 31 successful subjects at initiation
of mouthpiece ventilation are presented in Table 2. Of the
27 subjects with available maximum insufflation capacity
values, all but one demonstrated a maximum insufflation
capacity-VC difference. Of the 24 subjects with available
peak cough flow with lung-volume recruitment values,
only 7 were �180 L/min. The b-ALSFRS-R scores (avail-
able for 22 subjects) were significantly higher than for the
4 unsuccessful subjects, with median (interquartile range)
of 9 (7.25–12) versus 1.5 (0.75–2.25), respectively
(P � .002). Moreover, no subject in the successful group
had a b-ALSFRS-R �6. The values of the ALSFRS-R
scores over time in the 2 groups are shown in Figure 2.

Fig. 2. Evolution of Revised Amyotrophic Lateral Sclerosis Func-
tional Rating Scale scores over time in subjects successful and
unsuccessful with mouthpiece ventilation (MPV). The center lines
represent the median value, boxes span the first quartile to the
third quartile, and whiskers denote minimum and maximum values
that are within 1.5� the interquartile range. Circles are outliers.
ALSFRS-R � Revised Amyotrophic Lateral Sclerosis Functional
Rating Scale (0–48), b-ALSFRS-R � ALSFRS-R bulbar sub-score
(0–12), NIV � noninvasive ventilation.

Table 2. Characteristics of Successful Subjects at Time of Initiation
of Mouthpiece Ventilation

Characteristics Values n

FVC, mean � SD L 1.45 � 0.52 31
FVC, mean � SD % predicted 33 � 11 31
Maximum inspiratory pressure,

mean � SD cm H2O
�20 � 7* 29

Maximum expiratory pressure,
mean � SD cm H2O

30 � 17* 29

MVV, mean � SD L/min 43 � 11* 27
MVV, mean � SD % predicted 32 � 9* 27
Maximum insufflation capacity,

mean � SD L
2.76 � 0.97* 27

Maximum insufflation capacity,
mean � SD % predicted

64 � 18* 27

Maximum insufflation capacity-VC 1.36 � 0.69* 27
PCF, mean � SD L/min 161 � 60 31
PCFLVR, mean � SD L/min 265 � 109* 24
ALSFRS-R total score, median (IQR) 19.5 (18–29.5)† 22
b-ALSFRS-R score, median (IQR) 9 (7.25–12)† 22

n � 31.
* Some results of pulmonary function tests unavailable because of technical difficulties in
measurement.
† Some Revised Amyotrophic Lateral Sclerosis Functional Rating Scale scores were not
available either because the date of mouthpiece ventilation initiation was before the
availability of this tool (n � 5) or absence of the values in the chart.
MVV � maximum voluntary ventilation
Maximum insufflation capacity-VC � difference between maximum insufflation capacity
and VC
PCF � spontaneous peak cough flow
PCFLVR � assisted peak cough flow with performance of lung-volume recruitment
ALSFRS-R � Revised Amyotrophic Lateral Sclerosis Functional Rating Scale
IQR � interquartile range
b-ALSFRS-R score � ALSFRS-R bulbar subscore
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The small number of unsuccessful subjects precluded per-
formance of multivariate regression analysis of factors as-
sociated with successful mouthpiece ventilation.

The evolution of FVC, maximum insufflation capacity,
and maximum insufflation capacity-VC difference as well
as peak cough flow and peak cough flow with lung-vol-
ume recruitment in successful subjects are shown in Fig-
ures 3 and 4. The FVC fell over time, whereas the maxi-
mum insufflation capacity remained relatively well
preserved, and the maximum insufflation capacity-VC dif-
ference increased. Peak cough flow and, to a lesser degree,
peak cough flow with lung-volume recruitment both de-
creased, but the latter remained �180 L/min.

Five subjects went on to tracheostomy, 4 in the context
of acute respiratory failure and one electively. Three sub-
jects stopped using mouthpiece ventilation after 82, 197,
and 372 d because of a preference for mask-NIV or an
inability to seal around the mouthpiece because of pro-
gressive bulbar impairment.

The Kaplan-Meier curves for successful subjects are
shown in Figure 5. Median (range) survival to tracheos-

Fig. 5. Kaplan-Meier curves of subjects successful with mouth-
piece ventilation from symptom onset (A), initiation of noninvasive
ventilation (NIV) (B), and introduction of mouthpiece ventilation
(MPV) to death or tracheostomy (C). Points denote subjects still
alive.

Fig. 3. Evolution of pulmonary function testing over time in sub-
jects successful with mouthpiece ventilation (MPV). Maximum in-
sufflation capacity (MIC) is not shown at the first visit because it
was only done when FVC was �80% of predicted. NIV � nonin-
vasive ventilation. MIC-VC � difference between MIC and vital
capacity.

Fig. 4. Evolution of spontaneous and assisted peak cough flow
(PCF) over time in subjects successful with mouthpiece ventilation
(MPV). The dotted line shows 180 L/min assisted peak cough flow
with performance of lung volume recruitment. NIV � noninvasive
ventilation. PCFLVR � assisted PCF with performance of lung vol-
ume recruitment.
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tomy or death from mouthpiece ventilation initiation, ini-
tiation of nocturnal NIV, and symptom onset were 286
(41–1,769), 648 (176–2,188), and 1,353 (512–3,555) d,
respectively. Three subjects are still alive. In those for
whom values were available, a peak cough flow with lung-
volume recruitment �180 L/min at initiation of mouth-
piece ventilation was associated with longer survival with
mouthpiece ventilation (637 � 468 d vs 240 � 158 d
[P � .01]) (Fig. 6). No value associated with significantly
improved survival was identified for maximum insuffla-
tion capacity-VC difference, FVC (L or percentage of pre-
dicted), or b-ALSFRS-R score.

Of the 27 successful mouthpiece ventilation users who
did not undergo tracheostomy, only 2 were placed in a
chronic care facility. Of the 24 deceased, 17 died at home.

Discussion

This study is the first to fully describe utilization of
daytime mouthpiece ventilation in an ALS population us-
ing 24-h NIV. Results confirm the effectiveness of mouth-
piece ventilation as well as the importance of preserved
bulbar function and ability to generate a maximum insuf-
flation capacity-VC difference and adequate peak cough
flow with lung-volume recruitment for survival. Use of the
b-ALSFRS-R score in this context is described for the first
time.

Despite its effectiveness and convenience, mouthpiece
ventilation is seldom used in individuals with ALS need-

ing continuous ventilatory support. Tracheostomy is more
often offered but is associated with high burden of care as
well as short- and long-term morbidity and mortality.30-32

Most people with ALS decline this alternative.26

Full-time NIV using different interfaces has been re-
ported, including in ALS. Bach et al18 reported NIV via
the mouth in 257 subjects with neuromuscular diseases (5
with ALS), of whom 144 used 24-h NIV (2 with ALS).
With adequate bulbar muscle function, mouthpiece venti-
lation was shown to be an effective alternative to trache-
ostomy, optimizing convenience and communication.
Mouthpiece ventilation was also shown to be a critical
component in the weaning of 155 of 157 “unweanable”
subjects with neuromuscular diseases.19

One study assessed variables associated with successful
use of full-time NIV in 27 subjects with ALS and �15 min
of ventilator-free breathing time (10 used mouthpiece ven-
tilation). The ability to produce assisted peak cough flow
�180 L/min and to generate a maximum insufflation ca-
pacity-VC difference was associated with prolonged sur-
vival without tracheostomy, independent of VC.17 Both of
these predictive factors correlate with oropharyngeal and
laryngeal muscle function.23 In addition, studies have
shown intolerance to NIV more frequently in subjects with
bulbar impairment.4,6,8,11

Our study is consistent with these data. All but one
subject successful with mouthpiece ventilation demon-
strated a maximum insufflation capacity-VC difference.
Seven subjects had peak cough flow with lung-volume

Fig. 6. Kaplan-Meier curves of subjects successful with mouthpiece ventilation (MPV) according to assisted peak cough flow (with lung
volume recruitment) �180 L/min versus �180 L/min.
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recruitment �180 L/min at the initiation of mouthpiece
ventilation; although succeeding with mouthpiece ventila-
tion, time to tracheostomy or death was significantly less
than for subjects reaching peak cough flow with lung-
volume recruitment �180 L/min. Adequate peak cough
flow and airway clearance are critical in preventing pneu-
monia and respiratory failure. The constant availability of
mouthpiece ventilation allows frequent lung-volume re-
cruitment, airway clearance, and possibly maintenance of
respiratory compliance. Of the 4 subjects who failed to use
mouthpiece ventilation successfully, only one was able to
show a maximum insufflation capacity-VC difference, only
one had a peak cough flow �180 L/min, and none was
able to increase peak cough flow with lung-volume re-
cruitment.

The b-ALSFRS-R score discriminated between those
subjects having sufficient bulbar function to succeed with
mouthpiece ventilation (�6) and those who did not (0–3).
Utilization of this score has been described in one study
assessing swallowing by oropharyngo-esophageal scintig-
raphy.24 Further studies are needed to define its role, but it
is easily obtained and clearly useful.

The only randomized controlled trial of NIV in individ-
uals with ALS demonstrated improvement of survival in
all subjects and in the subgroup with good bulbar function
(216 d [range 94–681 d]).3 The survival from NIV initi-
ation until tracheostomy or death of our subjects with
preserved bulbar function using mouthpiece ventilation
compares favorably, with a median of 648 d (range 176–
2,188 d). Our more inclusive criteria for NIV initiation
may have led to earlier introduction of NIV, which could
partly explain improved survival. However, survival from
mouthpiece ventilation initiation to tracheostomy or death
is still higher, with a median of 286 d (range 41–1,769 d).
Aboussouan et al6 reported a median survival of 15 months
(450 d) for 18 subjects tolerant to NIV introduced because
of new orthopnea, new hypercapnia, or both. In a retro-
spective study by Kleopa et al,12 NIV was introduced when
FVC was �50% of predicted; the 38 adherent subjects had
an average survival from introduction of NIV of
14.2 � 13.0 months (426 � 390 d). The mean survival of
our subjects from introduction of NIV was 669 � 473 d.
More recently, Berlowitz et al13 reported a median sur-
vival from symptom onset of 32 months (960 d) in NIV
users, whereas our subjects using mouthpiece ventilation
survived a median of 1,353 d after symptom onset.

As is the case with the initiation of nocturnal NIV in
ALS, demonstration of daytime hypercapnia, although pres-
ent in 5 of 37 subjects, was not a requirement for the
introduction of mouthpiece ventilation. NIV is capable of
prolonging the survival of individuals suffering from ALS
but is also of important palliative value. As such, the ad-
dition of mouthpiece ventilation was based primarily on
the objective of improving quality of life related to pro-

longed hours of inconvenient and uncomfortable mask use,
�12 h daily (24 of 37 subjects), and symptoms of dyspnea
(9 of 37 subjects).

Studies evaluating respiratory status in ALS reported
that FVC, expressed as a percentage of predicted value
(FVC%), at diagnosis and its rate of decline were the most
relevant prognostic factors of pulmonary function assess-
ment.33-35 FVC% was not related to time to tracheostomy
or death in our population successful with mouthpiece
ventilation. Given that the ability to generate a maximum
insufflation capacity-FVC difference and reach peak cough
flow with lung-volume recruitment �180 L/min is related
to successful continuous NIV and mouthpiece ventilation,
these capacities appear to be more powerful predictors of
survival than FVC%.

Our study is limited because of its retrospective nature
and missing data. It was not designed to establish formal
successful predictive factors that will require prospective
study. Although this is clearly a selected population, ap-
proximately 15% of ALS individuals in our care, those
with preserved bulbar function may benefit from the in-
troduction of mouthpiece ventilation rather than the place-
ment of a tracheostomy for an arbitrary number of hours of
daily NIV use or continuous use of an NIV mask. We
were, however, unable to compare the survival of our sub-
jects using mouthpiece ventilation with a similar popula-
tion using 24-h mask ventilation because such individuals
are very uncommon in our practice and may not return to
the clinic for repeated evaluations. Since airway clearance
is critical to survival, it would have been helpful to have
data on actual use of lung-volume recruitment or other
methods to determine its impact, but these data were not
consistently available, and few subjects had access to me-
chanical cough assistance.

Conclusions

Mouthpiece ventilation is a safe, convenient, and effec-
tive way to provide NIV in individuals with ALS requiring
continuous ventilatory support and maintaining adequate
bulbar function. Mouthpiece ventilation should be offered
as an alternative to tracheostomy for individuals able to
hold a mouthpiece, protect the airway, and assist cough
flows for airway clearance. The b-ALFSRFS-R score seems
to be a simple and useful tool to assess candidacy for
mouthpiece ventilation.
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