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Introduction: Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease affecting both up-
per and lower motor neurons, and lead to respiratory failure. Strategies are suggested to respiratory manage-
ment in ALS patients, as the breath stacking and Expiratory muscle training (EMT), which have been used as
aid to assist cough in neuromuscular disorders. However, the randomized controlled trials performed in ALS
patients have not investigated the addiction of EMT together breath stacking in this population. This trial aims
to determine if breath stacking plus EMT is more effective than breath stacking alone to decrease the decline
rate on the inspiratory/expiratory muscle strength, FVC and voluntary PCF in ALS patients.

Methods: This parallel-group, assessor-blinded randomized controlled trial, powered for superiority, aims to as-
sess pulmonary function, respiratory muscle strength, peak cough flow as primary outcomes. Forty-two partici-
pants are being recruited referral neuromuscular disease center at Brasilia, Brazil. Following baseline testing,
participants are randomized using concealed allocation, to receive either: a) breath stacking technique alone
or b) breath stacking technique plus EMT.

Conclusion: There is a lack of evidence regarding the benefit of EMT plus breath stacking in ALS patients. This
trial will contribute to evidence currently being generated in national and international trials by implementing
and evaluating a respiratory therapy program including two components not yet combined in previous re-
search, for people with ALS involving longer-term follow-up of outcomes. This trial is ongoing and currently
recruiting.

Trial registration: This trial was prospectively registered on the Clinical Trials Registry NCT04226144.

1. Introduction initially requires taking a deep breath with the inspiratory muscles,

followed by maximum contraction of the expiratory muscles, with

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegener-
ative disease affecting both upper and lower motor neurons, which
leads to a loss of voluntary muscle control [1]. As the disease pro-
gresses, muscles of respiration are affected, leading to chronic respira-
tory failure [2]. Respiratory failure is primarily due to respiratory
muscle weakness, leading ALS patients to cough impairment, one of
the main causes of hospitalization [3,4]. Producing an effective cough

glottis closure and subsequent opening using the oropharyngeal mus-
cles, generating an expiratory flow due to contraction of expiratory
muscles capable of eliminating secretions [5,6]. This represents the
inspiratory, compression and expiratory phases of cough production.
Thus, strategies to enhance effective cough and lung recruitment
should be recommended in ALS patients [7].
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Among these strategies suggested for respiratory management in
ALS patients, breath stacking has been used to assist cough in neuro-
muscular disorders [8]. The breath-stacking technique uses a manual
resuscitation bag with one-way valve to deliver large breath volumes
to the patient via a suitable interface [9]. Periodic lung expansion by
breath stacking decreases basal atelectasis, and maintains compliance
of the lungs and chest wall, with increases of Peak cough flow (PCF)
and cough effectiveness [5]. Rafiq et al. have demonstrated that
breath stacking should be recommended as a first line intervention for
lung recruitment and cough augmentation in ALS patients, with no
differences between breath stacking and mechanical insufflator-
exsufflator for survival, quality of life and hospitalization [9].

Expiratory muscle training (EMT) has been investigated as a new
effective tool to enhance maximal PCF in individuals with neuromus-
cular diseases. This technique aims to improve subglottic air pressure
generation, swallowing and airway clearance [10]. Reyes et al. have
shown that EMT plus breath stacking improved voluntary and reflex
cough in Parkinson disease [11]. Plowman et al. have demonstrated
that 5-week EMT training was feasible and led to improvements in
respiratory and bulbar function in ALS patients [10,12]. However,
both studies have not used the techniques together, which may im-
prove the clinical results. Of note, the randomized controlled trials
performed in ALS patients have not investigated the addiction of EMT
together breath stacking in this population.

This trial aims to determine if breath stacking plus EMT is more ef-
fective than breath stacking alone to decrease the decline rate on the
inspiratory/expiratory muscle strength, pulmonary function testing
and voluntary PCF in ALS patients. We hypothesize that those receiv-
ing breath stacking plus EMT will have a slower decline in these para-
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meters from baseline to 6 months, compared to patients that receiving
breath stacking alone. The key secondary outcomes are to assess
whether EMT plus breath stacking is superior to breath stacking alone
to swallowing function and ability to speech. This protocol is reported
according to the Standard Protocol Items: Recommendations for inter-
ventional Trials (SPIRIT guidance) [13].

1.1. Methods/design

This two-arm, parallel (1:1), superiority, blinded-assessor, random-
ized controlled trial is being conducted at referral neuromuscular dis-
ease center in Brasilia, Brazil. This trial has been prospectively regis-
tered on Clinical Trials Registry (NCT04226144). Recruitment com-
menced in August 2019.

1.2. Participants

Fig. 1 outlines participants’ flow through the study. Eligible partic-
ipants are identified through screening at the neuromuscular disease
center. To be eligible, participants must have a diagnosis of neuro-
muscular disease confirmed by neurologists at the referral center for
neuromuscular diseases in Brasilia prior to screening for recruitment.
Other eligibility requirements are: age over 18 years; preserved cogni-
tion, as evidenced by a score greater than or equal to 24 points in the
Mini-Mental Status Exam; no barium allergies; without tracheostomy
or invasive mechanical ventilation; no diaphragmatic pacemaker; and
no associated respiratory disease. Participants are excluded if they are
pregnant; had previous kidney disease or other concomitant diseases;

Eligibility confirmed

Consent Form obtained

onset

Baseline Measurements (Week 0)
1. Respiratory Muscle Strength
2. Peak Cough Flow
3. Pulmonary Function testing

4. ALSFR-BR, PaCO:; levels,
onset of symptoms, site of

Randomization (n=42)

Breath Stacking Group (n=21)

Breath Stacking + expiratory muscle
training group (n=21)

Follow Up Measurements (weeks 8, 16 and 24)
1. Respiratory Muscle Strength
2. Peak Cough Flow

3. Pulmonary Function testing

Fig. 1. VUP valve used in Expiratory Muscle Training Program.
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had respiratory diseases; or are hospitalized in intensive care units
(ICUs) during the study.

Eligible participants are contacted by the trial coordinator who ex-
plains the study aims and requirements, and those expressing interest
in the study are provided with a Patient Information and Consent
Form. All participants provide written informed consent prior to com-
pleting baseline outcome measures. Recruited participants may
choose to withdraw from the study at any stage. Data collected prior
to the time of study withdrawal will be included in data analyses.

1.3. Randomization and allocation

Following informed consent and all baseline assessments, partici-
pants will be randomized 1:1 to either the intervention group (EMT
plus breath stacking) or the control group (breath stacking alone-
usual care). A stratified block permutation randomization will be used
with bulbar and non-bulbar onset symptoms as the stratification fac-
tors, to ensure balance between the groups. The patients will be di-
chotomized into normal to moderate bulbar impairment (score 7-12)
and severe bulbar impairment (score 0-6).

The randomization schedule was prepared by a researcher inde-
pendent of the trial.

The trial is being conducted in accordance with theDeclaration of
Helsinki and was approved by the Fundagdo de Ensino e Pesquisa em
Ciéncias da Satde (FEPECS) Ethics Committee and received approval
6/18/2019 (Document number 3400412).

1.4. Interventions

1.4.1. Control group

This group will just perform the breath stacking technique. For
this, the patients will have a choice between using an inflated
oronasal mask (Lumiar Health Care, Sao Paulo, Brazil) or a mouth-
piece (Respironics, Utah, USA). The caregivers of the patients will be
trained by the research-coordinators (VM, AD and SM) to perform the
technique at least two sessions per day, one in the morning and one at
bedtime. The caregivers will be monitored continuedly, with monthly
visits to the referral center to ensure that the technique is performed
well. All research coordinators have experience with the techniques
and worked with respiratory management in ALS patients for at least
3 years.

To performed the breath stacking technique, we utilize the proto-
col previously described by Bach et al. [5]. The lungs are inflated as
fully as possible by stacking successive breaths without expiration un-
til the patients’ lung insufflation capacity (LIC). The participant will
be instructed to sustain the air in the lung, closing the glottis. Once
the lungs are maximally inflated, the compressed air volume is re-
leased under expiratory muscle force, thus generating a cough with
lung and chest wall recoil. They will perform 5-8 cycles of breath
stacking per session, stacking 3-5 breaths per cycle.

1.4.2. Experimental group

This group will perform the breath stacking technique in addiction
with EMT. The valve will be changed to the one-way valve called VUP
(Lumiar, Sao Paulo, Brazil), a one-way valve (Fig. 2) that allows pa-
tients blow out air with a counter resistance during all expiratory
phase.

. The initial expiratory pressure will be 8 cmH,O and can be
changed at each visit depending on participants’ tolerance, whether it
is easy or difficult to exhale assessed by research coordinators. The
participants will be encouraged to blow out as slowly that they can.
Both protocols will be performed for 24 weeks, and outcome measure-
ments will be performed every 8 weeks.
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Fig. 2. VUP valve used in EMT program.

1.4.3. Safety and adverse events reporting

A serious adverse event is defined in this study as any event occur-
ring either during or up to 60 min following the trial intervention or
outcome assessment that is life threatening or results in death, hospi-
talization or prolongation of existing hospitalization, disability or in-
capacity. Minor adverse events directly relating to intervention or out-
come measure sessions can include: aerophagia, severe breathlessness,
new or progressive pain, altered mental status, palpitations and pro-
gressive fatigue [4]. Following each intervention and outcome mea-
sure session trial staff are required to complete data entry forms indi-
cating if a serious or minor adverse event has occurred. In the case of
serious adverse events the study chief investigator is notified immedi-
ately, participants are managed appropriately, and the incident will
be reported to the relevant hospital ethics committee.

1.4.4. Outcomes

Outcomes will be assessed during individual appointments at base-
line, 8 weeks, 16 weeks and 24 weeks by a research assistant blinded
to group allocation. At baseline, demographic and clinical details will
be recorded, including age, sex, location of onset of symptoms, time
of diagnosis, treatment details and social history. Survival data will be
collected after 2 years post study recruitment.

Treatment efficacy will be determined by changes in decline rate
of the primary outcomes (Maximal Inspiratory Pressure [MIP], Maxi-
mal Expiratory Pressure [MEP], Peak Cough Flow [PCF], Forced Vital
Capacity [FVC) and Slow Vital Capacity [SVC]) from baseline to 24
weeks.

1.4.4.1. Pulmonary function and respiratory muscle strength. The PFTs
will be measured using a Vitalograph 6800 PFT spirometer (Vitalo-
graph Inc, USA) and the decision whether to use the mouthpiece with
nasal clip or the mask will be based on the evaluation of each single
patient, specifically on the presence of facial muscle weakness. The
PFTs that will be included are the FVC and SVC, which will be per-
formed in both and supine positions; they are expressed both as ab-
solute value, in FVC% and SVC%, respectively) [14]. The patient is
guided to inhale deeply and, subsequently, to expire as fast as far they
could.

Maximal inspiratory (MIP), and maximal expiratory pressure
(MEP) were measured as previously described by Black & Hyatt [15].
Sniff nasal inspiratory pressure (SNIP) will be measured at functional
residual capacity as previously described [16]. The highest value from
three or more attempts will be selected for analyses and standardized
to predicted percentages of Brazilian population [17].
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1.4.4.2. Peak cough flow (PCF) and assisted PCF. The maneuver, ex-
pressed in L/min, will be performed with a mask of fitting size, with a
seated patient who is asked to inhale as much air as possible and then
cough it out. At least three acceptable and repeatable trials were per-
formed, and the best out of these maneuvers will be chosen.

PCF and manually assisted PCF by LIC will be measured using a
sealed oronasal mask with a handheld portable peak flow meter
(Respironics INC. USA), which recent guidelines recommend for mea-
suring expiratory flow rates during voluntary cough [18].

1.4.4.3. Bulbar function. Bulbar function will be assessed using the
three components of the revised ALS functional rating scale (ALSFRS-
R) relevant to bulbar function (i.e. speech, salivation and swallowing,
each scored on a scale of 0-4).

1.4.4.4. Secondary outcomes. Data on blood gases will be collected to
assess PaCO; levels at baseline. The Amyotrophic Lateral Sclerosis
Functional Rating Scale revised score (ALSFR-1), site of onset [bulbar
(B) versus non-bulbar (NB)], time elapsed (months) between symptom
onset and ALS diagnosis, months elapsed from diagnosis to noninva-
sive ventilation (NIV) prescription will also be collected. Voice para-
meters will be assessed by Maximum Phonation Time and its acoustic
analysis.

The Functional Oral Intake Scale (FOIS) [19] will be used as an in-
dex of daily oral intake. This validated 7-point ordinal scale measures
what foods an individual consumes to meet their daily nutritional and
hydration requirements and ranges from a 1 (nothing by mouth) to 7
(full oral diet with no restrictions). The Eating Assessment Tool-10
(EAT-10)was administered as a patient reported outcome (PRO) of
swallowing function [20]. The EAT-10 is a validated 10-item patient
rated questionnaire with each question rated on a 5-point ordinal
scale. A total EAT-10 score ranges from O (indicative of no self-
perceived swallowing impairments) to 40 (indicative of severe swal-
lowing impairments).

1.5. Sample size calculation

This study is powered to detect a clinical meaningful difference in
decline rate of pulmonary function (% predicted FVC). Based on meta-
analysis conducted by Silva et al. [21], the minimal clinical important
difference (MCID) from baseline to 1 year is 2-6%, 16 participants for
each arm will need to be recruited with 80% power at two-tailed 5%
level of significance. After take into account 30% attrition, a total
sample size of 42 participants is required.

1.6. Statistical analysis

Baseline characteristics will be summarized, including age, sex,
time of diagnosis, onset of symptoms local, drugs, primary and sec-
ondary outcomes, and imbalances will be investigated.

For each variable, the Shapiro Wilk test will be used to evaluate
the normality of the distribution and the Levene test will be per-
formed to evaluate the homogeneity of variance. The differences be-
tween groups will be analyzed by the unpaired t-test and for continu-
ous variables and chi-square test for categorical variables. The decline
rate will be calculated as the difference between baseline and final ob-
servation, dividing the result by the number of months between base-
line and last evaluation. Spearman test will be used to evaluate the
longitudinal decline correlations between pulmonary function tests
and both bulbar impairment and disease progression rate.

Exploratory analysis of 2-year survival will include descriptive Ka-
plan-Mayer survival curves and cox regression with treatment intent.
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2. Discussion

This study will assess the impact of expiratory muscle training as-
sociated with breath stacking technique on pulmonary function, respi-
ratory muscle strength, peak cough flow and functional assessment in
ALS patients. We chose the pulmonary function parameters and cough
efficacy as primary outcomes because they plays a critical role in pre-
dicting the prognosis of these patients, both in terms of survival and
functional ability [22].

A recent study suggests that expiratory muscle training was feasi-
ble and well-tolerated in ALS patients, and led to improvements of ex-
piratory muscle strength and swallowing kinematics [10]. However,
no differences were noted for FVC. The breath stacking technique can
increase inspired volumes that lead to greater peak cough flow, allow-
ing for improvements in mucus clearance and reduction in atelectasis
(6). We believe that the increase of inspired volume may increase the
efficacy of expiratory muscle training in the ALS population.

The American Academy of Neurology, Practice Parameters has rec-
ommended that breath stacking technique as a respiratory aid in pa-
tients with neuromuscular diseases. This trial aims to determine the
impact of an inspiratory and expiratory synergist program in ALS pa-
tients using the same resuscitation bag with an addiction of a new
valve (VUP) that allows for increased lung capacity and the addiction
of a submaximal load to expiratory muscles during the expiration
phase, which may provide muscular conditioning in ALS patients and
contribute to a maintained bulbar function.

3. Conclusion

ALS patients have a poor survival and demonstrate high burden of
disease when their bulbar and respiratory function decline. This ran-
domized trial will assess the effects of home-based program in pul-
monary and bulbar function. If beneficial, the intervention is designed
in way to enable easy translation into practical guidelines for this
population.
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