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Abstract

Background: Mechanical insufflation-exsufflation (MI-E) is necessary for noninvasive management of respiratory clearance
in patients with neuromuscular disorders (NMDs). Its utility has been proven, and the technique is recommended in a number of
international guidelines for the management of patients with NMDs. However, the clearance of thick secretions adhering to the
tracheobronchial walls could be problematic when these patients suffer from respiratory tract infections. To improve the effectiveness
of the noninvasive technique, a novel device combining MI-E with high frequency oscillation (HFO) has been developed. However,
the efficacy of HFO therapy in NMDs has not been well studied.

Objective: The aim of this study was to elucidate the effect of MI-E combined with HFO for mucus removal in NMD patients.
To evaluate its efficacy, changes in transcutaneous oxygen saturation (SpO2), which may predict intratracheal mucus removal,
will be measured before and after use of MI-E.

Methods: This is a single-center, nonblinded, nonrandomized prospective study that will enroll 5 subjects hospitalized in Kobe
University Hospital owing to respiratory tract infection. All subjects will receive MI-E therapy a few times daily and will receive
HFO every other day, for 6 days. Before and after MI-E use, SpO2 will be obtained and the change in SpO2 (ΔSpO2) between
MI-E with and without HFO will be calculated. For every subject, the average of ΔSpO2 with or without HFO will be obtained
and the null hypothesis that there is a mean change of 0 in the SpO2 between MI-E with and without HFO will be tested using
the paired t test. If the treatment with HFO is found to be statistically significantly superior to the treatment without HFO, the
study will conclude that HFO addition is more efficacious than no HFO addition.

Results: A total of 2 subjects have already been recruited and enrolled in this study as of August 2018.

Conclusions: This unique protocol will assess the efficacy of adding HFO to MI-E during the acute phase of respiratory tract
infection in patients with NMDs.
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Introduction

Background
Patients with neuromuscular disorders (NMDs) often have weak
breathing muscles. As the disease progresses, vital capacity
declines and the inability to expand and empty the chest fully
results in reduced chest wall compliance [1-3]. As peak cough
flow correlates with disease progression and lung capacity in
patients with NMDs [4,5], insufficient coughing is problematic
in patients with severe and advanced NMDs. Cough efficacy is
related to clearance of secretions in the lung. Retention of
intratracheal mucus leads to airway obstruction, causing
increased work of breathing, decreased oxygenation, and
ultimately respiratory failure [6]. Weak cough is thus a critical
factor contributing to respiratory morbidity in NMD patients
[7].

Therefore, coughing aids are necessary for patients with NMDs,
and the use of assisted coughing techniques has been an
important advance in the respiratory care of such patients,
allowing intratracheal mucus to be controlled without the need
for invasive methods, such as tracheostomy. Coughing aids
include manually assisted and mechanically assisted aids [8].
Mechanical insufflation-exsufflation (MI-E) is performed using
a device that generates positive pressure, provoking insufflation
of the lung, and negative pressure, inducing exsufflation. A
rapid change from positive to negative pressure generates air
flow during exsufflation and facilitates the removal of
intratracheal secretions [3,9].

It has been proven that MI-E helps to increase the peak cough
flow, reduce the chance of hospitalization, permit a paradigm
shift from invasive tubes to noninvasive management, and
facilitate discharge to home [9-12]. Therefore, the use of MI-E
is recommended in a number of international guidelines for the
management of patients with NMDs [13-17].

Even if proper respiratory care is given, an inability to cough
effectively and clear secretions puts patients with NMDs at risk
of ventilatory failure during respiratory infection [18]. To
improve the effectiveness of noninvasive techniques especially
in cases of acute respiratory failure, a novel device that combines
MI-E with high frequency oscillation (HFO) has been developed.
During insufflation, exsufflation, or both phases, the device
generates high-frequency oscillatory vibrations.

The application of HFO to the airway in patients with chronic
obstructive pulmonary disease has been shown to change the
viscoelastic properties of the secretions, making them more
mobile [19]. Therefore, the addition of HFO to MI-E is expected
to remove tenacious secretions in a noninvasive manner.

Objectives
The aim of this study is to elucidate the effect of MI-E with
HFO in terms of mucus removal in patients with NMDs. To
evaluate the efficacy of the approach, changes in transcutaneous
oxygen saturation (SpO2) and heart rate, and the subjective
amount of mucus removed, are to be measured before and after
use of MI-E, with and without HFO. The safety of the approach

will also be evaluated by noting the frequency of adverse events
and complications.

Methods

Study Design and Setting
This is a single-center, nonblinded, nonrandomized prospective
study. As the use of oscillation is obvious, this study cannot be
performed blindly. The study will be performed in the
Department of Pediatrics, Kobe University Hospital, in Kobe,
Japan. The study implementation period is from March 27,
2018, to January 31, 2022 (enrollment period: 3 years; follow-up
period: 4 months from enrollment of the last subject).

Eligibility Criteria
This study is conducted in patients who fulfill the following
inclusion criteria and who do not meet any of the following
exclusion criteria.

The inclusion criteria are as follows: patients with NMDs
hospitalized in Kobe University Hospital owing to respiratory
tract infection, who have already used MI-E without HFO or
have started MI-E use in this study in addition to noninvasive
ventilation, tracheostomy ventilation, and home oxygen therapy,
and who provide written voluntary consent (or whose parents
provide written voluntary consent) to participate in this study.

The exclusion criteria are as follows: patients with severe acute
respiratory failure who have a very low SpO2 level (<90%) for
more than 1 hour, albeit adequate ventilation or oxygen therapy;
those who do not have tracheostomy and require intubation;
those who refuse to participate in the study; and those for whom
it is deemed inappropriate to participate in this study in the
opinion of the investigator. These exclusion criteria are set to
target patients with NMDs who have mild-to-moderate
respiratory infection and to secure the safety of the subjects.

Interventions

Description of Material
The Cough Assist E70 (Philips Respironics) is employed in this
study. The device is used according to the manufacturer’s
recommendation. The Cough Assist E70 is applied via an
oronasal mask or the tracheostomy opening by trained parents,
nurses, or doctors. It is used at least 3 times a day, as well as
whenever SpO2 decreases, heart rate increases, or the patients
have an increase in dyspnea or sense of retained secretions, in
addition to the standard treatment, including oxygen
supplementation and increased oxygen. It is set at 20 to 40 cm
H2O for insufflation and −20 to −40 cm H2O for exsufflation
pressure, with an insufflation and exsufflation time ratio of 1.5
to 2.5 and 0.8 to 1.5 seconds, respectively, and a pause of 0.5
to 2.0 seconds between each cycle. A total of 3 to 5 cycles are
applied in every session. The frequency setting of oscillation is
15 Hz and the amplitude setting is 5 cm H2O. This oscillation
frequency was derived from a similar previous study [20]. As
a>5 cm H2O amplitude in the beginning of HFO use is not
tolerated in child patients based on our clinical experience, 5
cm H2O is employed.
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Description of the Processes and Interventions
The principal subinvestigator will obtain written informed assent
or consent from patients or from their parents. After informed
consent is obtained, the principal investigator or subinvestigator
will determine the subject’s eligibility for enrollment.
Enrollment should be done within 2 days after obtaining written
consent, and protocol treatment should be started within 1 day
after enrollment.

For the patients currently using MI-E, they will continue to use
it with their existing settings. For new MI-E users, the setting
described above will be used.

The following subject information will be recorded in the case
report form (CRF) at the time of obtaining informed consent:

date of informed consent; subject identification code; and
subject’s baseline characteristics, including sex, birth date,
height, body weight, medical history, concurrent diseases, and
original setting of MI-E.

HFO will be added to MI-E in every subject on every other day,
for 6 days. The addition of HFO on day 1 or day 2 will be
determined in a random manner. When the subject is randomly
selected to start the protocol with HFO on, the subject will
receive MI-E with HFO treatment on days 1, 3, and 5 (Figure
1). If the subject is randomly selected to start the protocol with
HFO off, they will receive MI-E with HFO on days 2, 4, and
6. The subject will thus be treated using MI-E with HFO for 3
days and without HFO for 3 days. During protocol treatment,
the time for switching to HFO on and off has been set as 9 am.

Figure 1. Outline of the study. Subjects will receive high frequency oscillation (HFO) every other day for 6 days. This shows the study schedule when
the subject is randomized to start the protocol with HFO-on.

Criteria for Discontinuation
When continuation with the study is judged to be impossible
for any of the following reasons, the principal investigator or
subinvestigator will terminate the subject’s participation in the
study and specify the date and time of discontinuation or
dropout, reason for discontinuation, and clinical course in the
medical records and CRF. The reasons for discontinuation
include the following: when the subject or their parents request
to withdraw from the study; when the subject’s respiratory status
worsens and continuation of the study treatment is judged to be
undesirable; when an adverse event, including pneumothorax,
occurs and further continuation with the study is difficult; when
the subject is discharged from the hospital; and when
discontinuation from the study is appropriate for other reasons
in the opinion of the principal investigator or subinvestigator.

When subjects who have already used MI-E have completed
the protocol, MI-E will be set at the original setting. For subjects
who commence use of MI-E for the first time in this study, MI-E
will be set at a clinically favorable setting. HFO will be added
if requested by the subject. For each subject, the observation
period will end on the day when the subject visits the outpatient
clinic of Kobe University Hospital for follow-up at 2 to 4 weeks
after discharge.

Outcomes

Primary Outcomes
Oxygenation change (SpO2) is the primary outcome in this
study. Data will be obtained at every MI-E use during the study
protocol. SpO2 values will be recorded at any point within 15
min before MI-E treatment and at 3 min after treatment.
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Secondary Outcomes
To evaluate the efficacy of the treatment, changes in heart rate
will be obtained at the same time point used for SpO2.
Additionally, the amount of mucus removed will be assessed
subjectively, according to 3 grades (little, moderate, and
abundant). As it was recommended by an external reviewer,
peak cough flow was added to the secondary outcomes at the
midpoint of the study. As safety end points, adverse events and
the incidence of complications during the observation period
will be obtained. The worst grade of the event will be considered
the severity grade of each observed adverse event.

Data Analysis Methods

Target Sample Size and Rationale
The primary endpoint of this study is the change in SpO2

(ΔSpO2) between MI-E with and without HFO. As no previous
study has elucidated HFO efficacy in patients with NMDs, it is
difficult to estimate how much change will be achieved. We
assumed that the ratio of the average ΔSpO2 difference between
HFO-on and HFO-off to the standard deviation would be about
1.1 to 1.2. To test the null hypothesis that there would be a mean
change of 0 in the SpO2 between MI-E with and without HFO,
using a paired t test with a 2-sided significance level of 5% and
80% power for the analysis of the primary endpoint, the required
number of subjects was calculated to be 5. MI-E is applied more
than 3 times a day, at least 45 data points are expected to be
obtained from HFO-on or HFO-off. As the number of subjects
enrolled per year can be assumed to be 1 to 2, the enrollment
period has been set to 3 years.

Statistical Analysis
This study will evaluate weather MI-E with HFO is significantly
superior to MI-E without HFO in terms of the change in SpO2

as the primary endpoint of this study. If the protocol treatment
with HFO is found to be statistically significantly superior to
the treatment without HFO, the study will conclude that the
addition of HFO to MI-E is more efficacious than not adding
HFO.

The ΔSpO2 is calculated by subtracting the SpO2 value of
pre-MI-E from the SpO2 value of post-MI-E. For every subject,
the average of ΔSpO2 with or without HFO will be obtained.
Then, a statistical analysis will be performed using a paired t
test for the average ΔSpO2 values. The hypothesis testing will
use a 2-sided significance level of 5%, with a calculation of the
2-sided 95% CI. The change in heart rate (ΔHR) as the
secondary efficacy endpoint will be examined in the same way.

The safety endpoint of this study is the frequency of adverse
events and complications. A summary table will be prepared
for this endpoint. For estimation of the proportion, the exact
2-sided 95% CI for binomial distribution will be calculated by
group. As necessary, Fisher exact test will be used for intergroup
comparison. The final analysis will be performed after data from
the subjects have been obtained and locked after the end of the
follow-up period. The full analysis dataset and safety analysis
dataset will consist of all subjects enrolled in this study, who

performed at least one protocol treatment and for whom efficacy
data are available.

The statistical analysis will be performed using GraphPad
PRISM 7.02 (GraphPad Software).

Ethics
The study protocol was approved by the ethics committee of
the Graduate School of Medicine, Kobe University (approval
#290090).

Results

A total of 2 subjects have already been recruited and enrolled
in this study as of August 2018.

Discussion

Overview
This study will describe the efficacy of the addition of HFO to
MI-E for the treatment of NMD patients with mild-to-moderate
respiratory disease. A further goal is to provide the best selection
of an airway clearance technique to prevent respiratory failure,
especially when the patients have respiratory tract infection.
The efficacy of HFO therapy in patients with NMDs has not
been well studied to date. The efficacy of combined therapy
including MI-E and HFO has been studied in patients with
amyotrophic lateral sclerosis [20], but that study did not
demonstrate an effect of increasing the peak cough flow. The
peak cough flow is considered a key marker of the effect of
airway clearance techniques. However, it is not recognized as
a standard measurement, as the process, including device
specification, instructions, and normal ranges, is not yet
well-established [18]. In addition, it is difficult to test the peak
cough flow on uncooperative pediatric patients or patients with
advanced disease who only have a faint cough. In this study,
we have set ΔSpO2 as the primary outcome for evaluating the
effect of mucus removal by MI-E and HFO combination therapy.
Continuous SpO2 monitoring is a simple noninvasive method
of establishing the percentage of hemoglobin that is saturated
with oxygen. It has been used for monitoring both the acute and
chronic respiratory status of NMDs [14,21-23]. SpO2 has also
been used as a measure of secretion clearance [24].

We recognized some limitations in this study. First, there is no
previous report similar to this study. Therefore, it is difficult to
estimate how much change will be obtained between HFO-on
and HFO-off conditions and how many target samples will be
sufficient to observe a statistically significant difference. Second,
this is a single-center study, which limits the generalization of
the findings. Third, the included subject group will be
heterogenous, and the subjects are expected to demonstrate
considerable variability in severity. Finally, as the optimal HFO
setting in patients with NMDs has not been established [25], it
is unclear if our appointed setting applied in this study will be
appropriate for effective secretion removal.

Conclusions
This is a unique protocol to assess the efficacy of adding HFO
to MI-E during the acute phase of respiratory tract infection in
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patients with NMDs. This is a preliminary study in an area that
requires further investigation; the findings of this study may

provide a basis for developing the best way to use MI-E.
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