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BACKGROUND: The cough mechanism is often impaired in children with quadriplegic spastic
cerebral palsy, accounting for the high prevalence of pneumonia and atelectasis requiring pro-
longed hospitalization. Conventional chest physiotherapy (CPT) is a current technique recom-
mended at the onset of lower-respiratory infections in cerebral palsy. Previous studies have dem-
onstrated the usefulness of mechanical insufflation-exsufflation (MI-E) in children with
neuromuscular disease. To date, there has been no study of MI-E in children with quadriplegic
spastic cerebral palsy. The objective of the study is to compare the efficacy in reducing hospital stay
and improvement of atelectasis between MI-E and CPT in children with quadriplegic spastic
cerebral palsy with lower-respiratory infections. METHODS: This study is a randomized controlled
trial. Children with quadriplegic spastic cerebral palsy, age 6 months to 18 y, admitted for lower-
respiratory infections and/or atelectasis at King Chulalongkorn Memorial Hospital between June 1,
2014, and March 31, 2015, were recruited. Those with pneumothorax, severe pneumonia, active tuber-
culosis, and shock were excluded. Children were randomized into the MI-E or CPT group. The MI-E
group received MI-E (3 therapies/d), and the CPT group received CPT (1 therapy/d). Vital signs per
protocol and chest radiograph as needed were recorded. RESULTS: There were 22 children enrolled in
the study, 11 in the MI-E and 11 in the CPT group. Demographic data were comparable in both groups.
The length of hospital stay was similar in both groups (MI-E 4–24 d vs CPT 6–42 d, P � .15). There
were 17 subjects with atelectasis (MI-E [n � 9] versus CPT [n � 8]). In this atelectasis subgroup, MI-E
had shortened therapy time when compared with CPT (2.9 � 0.8 d vs 3.9 � 0.6 d, P � .01). No
complications were observed. CONCLUSIONS: MI-E is proven to be beneficial in shortening the
duration of airway clearance in children with quadriplegic spastic cerebral palsy presenting with lower-
respiratory infections and atelectasis. MI-E is a safe and efficient intervention for airway clearance. Key
words: mechanical insufflation-exsufflation; cough assist; children; cerebral palsy; conventional chest phys-
iotherapy; airway clearance; atelectasis. [Respir Care 2018;63(2):187–193. © 2018 Daedalus Enterprises]

Introduction

Cough is a complex activity that aids the airway clear-
ance process, assists in removing excessive pulmonary

secretions from airways, resolves atelectasis, and protects
against aspiration. The cough mechanism has 3 phases:
inspiratory, compressive, and expiratory.1 Each phase of
this cough physiology may be lacking in children with
neurological impairment, including cerebral palsy. Chil-
dren with quadriplegic spastic cerebral palsy have an in-
effective cough due to dystonia and poor coordination.
They have decreased ability to close the glottis and often
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have chronic aspiration, which leads to diminished sensi-
tivity to cough. Most importantly, this group of patients
tend to have scoliosis and decreased mobility, which con-
tributes to poor ventilation, which then causes atelectasis,
inadequate clearance of lower-airway secretions, particu-
larly during respiratory infections, and prolongs hospital-
ization.2 Conventional chest physiotherapy (CPT), includ-
ing chest percussion, vibration, postural drainage, and
manually assisted cough, should be provided daily during
respiratory infections.2-4

Children with quadriplegic spastic cerebral palsy may
be unable to endure manual CPT because of thoracic de-
formity, cognitive impairment, and inability to cooperate.
Additionally, manual techniques are also time-consuming
and require specially trained clinicians.5 Several methods
have been developed to increase effective cough, includ-
ing intrapulmonary percussion ventilation and high-fre-
quency chest wall compression.6,7 Cough augmentation
with mechanical insufflation-exsufflation (MI-E) was in-
troduced in the 1950s as an effective airway clearance
modality in adults with poliomyelitis.8 MI-E works by
regularly administering positive pressure to augment in-
spiration and then negative pressure to enhance expiratory
flow.9,10 The device is effective at increasing cough peak
flow for patients with reduced or no capacity to cough and
expectorate.11

Early experiences with MI-E have been effective in adults
with neuromuscular weakness,12 including Duchenne mus-
cular dystrophy13 and amyotrophic lateral sclerosis.14 Re-
search on the device has also provided good tolerance and
physiologic improvement in patients with both restrictive
and obstructive disease.15 Moreover, MI-E has been suc-
cessful with an artificial interface. For example, Sancho
et al16 established beneficial use of MI-E in unconscious or
sedated subjects with less irritation, less pain, less tiring,
and more comfort than conventional suctioning via trache-
ostomy tube.10

Since its introduction to pediatric practice, MI-E stud-
ies have been limited. In 2000, Bach et al17 found that
using MI-E for airway clearance in spinal muscular at-
rophy type 1 can avoid tracheostomy throughout early
childhood. One prior study found a reduction in the
frequency of pneumonias with resolved chronic atelec-
tasis after using MI-E in children with neuromuscular
disease.12 Later, a short-term randomized cross-over
study found that the addition of MI-E with CPT short-
ened airway-clearance sessions compared with CPT
alone in subjects with neuromuscular disease and upper-
respiratory-tract infection.18 To date, there have been no
MI-E safety and efficacy studies for airway clearance in
children with cerebral palsy. The purpose of this study
was to determine efficacy, in terms of reducing hospital
stay and improvement of atelectasis, of MI-E in chil-

dren with quadriplegic spastic cerebral palsy who were
admitted with respiratory-tract infection.

Methods

A prospective randomized control trial was performed
in children with quadriplegic spastic cerebral palsy, age
6 months to 18 y, who were admitted with acute respira-
tory-tract infection to the Department of Pediatrics, King
Chulalongkorn Memorial Hospital during 2014–2015. The
study was approved by the institutional review board (ap-
proval 241/57), and all subjects and/or parents gave in-
formed consent. All study subjects who were consulted for
secretion clearance or chest physiotherapy were recruited.
Patients who presented with pneumothorax, rapidly pro-
gressive chest infection, decreased oxygen saturation
�92% even after oxygen supplementation more than FIO2

0.6, and those who had contagious diseases were excluded.
This trial was registered with Thai Clinical Trial Regis-
tration number TCTR20170412001.

Each eligible subject was randomly assigned to receive
either one of 2 treatments by a computerized mixed-box
method. The MI-E group received MI-E (Cough Assist E70,
Philips Respironics, Murrysville, Pennsylvania) 3 times/d. Our
MI-E protocol involved 3–5 cycles with insufflation/exsuffla-
tion pressure beginning with �15 cm H2O to �15 cm H2O
and maximum pressure of �40 cm H2O to �40 cm H2O.
Insufflation and exsufflation time were each 2–3 s. Pres-
sure for each subject was adjusted according to amount of
secretions, tolerance, and chest auscultation during each
session. Rest periods were provided for suctioning secre-

QUICK LOOK

Current knowledge

Mechanical insufflation-exsufflation (MI-E) delivers
a positive-pressure insufflation followed by an ex-
pulsive exsufflation, thereby simulating a normal
cough. MI-E has been described as an efficient tech-
nique for cough augmentation in patients with neu-
romuscular diseases, through either a facial mask or
an endotracheal tube.

What this paper contributes to our knowledge

The use of MI-E in children with quadriplegic spastic
cerebral palsy could shorten the duration of airway clear-
ance in those hospitalized with respiratory-tract infec-
tion and atelectasis. This device appears to be safe, well
tolerated and may be a good alternative intervention for
airway clearance. However, the cost of the device should
be considered.
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tions from mouth, nose, or tracheostomy stoma. The num-
bers of total sets were 4–6 with duration between 20 and
30 min as guided by subject fatigue and comfort. At the
beginning, the machine was used in manual mode to find
the appropriate pressure. Then, for the second treatment,
auto mode was set, and pressure was used until stopping
treatment. All of the treatments were performed by an
experienced researcher and respiratory nurse.

The CPT group received conventional chest physiother-
apy by a physiotherapist once per day, which consisted of
a cycle of chest percussion, vibration, postural drainage,
and manual assisted cough. In subjects with atelectasis,
nebulization via EzPAP (Smiths Medical, Minneapolis,
Minnesota) was used for helping lung expansion. Bron-
chodilators were considered in subjects with wheezing,
and normal saline was used in subjects found to have
sticky sputum. The EzPAP system was set with the flow
beginning at 5 L/min, which was increased until the de-
sired PAP was reached. A small-volume nebulizer with
6–8 L/min of 100% oxygen was connected to the EzPAP.
The desired PAP was considered using a pressure gauge
for monitoring the expiratory pressure along with equally
good air entry in both lungs by chest auscultation. The
EzPAP was connected via a face mask for children. Suc-
tion was indicated and performed when secretions were
noticed through the mouth and nose or per tracheostomy
tube.

Following both types of treatment, antibiotics, oxygen,
bronchodilators, or normal saline nebulization and fluid
replacement therapy were appropriately considered by the
caregiver. Throughout each treatment session, heart rate
and SpO2

were recorded. Blood pressure was measured
before and after each treatment to ensure clinical steadi-
ness. Auscultation and clinical assessment were also used
to monitor any complications. A chest radiograph was
obtained for every subject on the first day of admission
with additional chest radiographs dependent on clinically
changes of subjects.

Termination of MI-E or chest physiotherapy was con-
sidered when subjects met all of the following criteria:
body temperature and oxygen saturation normal and stable
and signs of minimal sputum production with resolution of
abnormal chest auscultation and chest radiograph.

Outcomes were defined as follows. Hospital stay was
the time from the first day of admission until the subject
was discharged from the hospital, and duration of treat-
ment time was the time from the first day of treatment
until the subject met the criteria for termination of MI-E or
chest physiotherapy.

Statistical Analysis

Sample size was calculated based on the data ob-
tained from our pilot study. We used mean duration of

hospital stay as the main measurement for sample size
calculation. Children with cerebral palsy who received
conventional chest physiotherapy alone had a mean hos-
pital stay of 8 � 2.58 d. We determined that a sample
size of 38 (19 in each group) would provide the study
with 80% power with an � level of 0.05 to detect a 30%
decrease in the mean length of hospital stay in subjects
who received MI-E.

All normally distributed data are expressed as
mean � SD. Non-normally distributed data are expressed
as median and interquartile range. Differences between the
2 groups (CPT and MI-E) were analyzed using parametric
tests or nonparametric tests. For comparison of 2 means,
a Student paired t test analysis was used. Student t tests
or Mann–Whitney U-tests were considered appropriate
for continuous variables, and the chi-square or Fisher
exact test was used for categorical data. To determine
whether there was an impact of time since initiation of
treatment on the change in physiological variables, a
multilevel mixed-effects linear regression model was
used. P � .05 was considered statistically significant.
All data were analyzed with Stata 12 (StataCorp, Col-
lege Station, Texas).

Results

An interim analysis was completed earlier after enroll-
ment of 22 subjects with quadriplegic spastic cerebral palsy.
All had lower-respiratory-tract infection and required air-
way clearance therapy. Subject age ranged from 7 months
to 12 y (median age 6.4 y), �70% had a tracheostomy
tube, and the majority of chest radiography in this study
showed atelectasis. There were a total of 22 subjects an-
alyzed, 11 in the MI-E group and 11 in the CPT group
(Fig. 1). Baseline clinical characteristics were comparable

Fig. 1. Flow chart. CP � cerebral palsy.
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in both groups (P � .05) (Table 1). There was no signif-
icant difference in physical measurement data between
both groups in terms of body temperature, breathing fre-
quency, heart rate, blood pressure, pulse oximetry and
breath sound (Table 2). Our daily recorded data showed
that all breathing frequencies, heart rates, and SpO2

levels
were improved in both groups after 4 d, without a statis-
tical difference between the groups. The breathing fre-
quency in the MI-E group was slightly higher than the
CPT group throughout the study (no statistical signifi-
cance) (P � .32) (Fig. 2).

Subjects in the CPT group had a slightly longer length
of hospital stay compared with those in the MI-E group
but with no statistical difference (P � .15). Additionally,
there were no differences in duration of therapy time
(P � .056) and days of oxygen used in either group (P � .62)
(Table 3). All of the repeated chest radiographs were im-
proved in both groups after treatment (9 in the MI-E group
and 8 in the CPT group). All chest radiographs were in-

terpreted by a pediatric radiologist who was blinded to
group distribution.

Significant differences were shown in a subgroup of
subjects with atelectasis. The MI-E group had significantly
shortened therapy time when compared with CPT (P � .01).
In this atelectasis subgroup, hospital stay and days of ox-
ygen use were similar in both groups (Table 4).

From this study, the mean pressure and other parameters
used in MI-E were observed as follows: Insufflation/ex-
sufflation pressures (mean � SD, range) were 35 � 7.1
(20–40)/35 � 7.1 (20–40) cm H2O, and insufflation/ex-
sufflation times were 2/3 s with oscillations of 20 Hz and
amplitude of 5 cm H2O. There were no episodes of pneu-

Table 1. Clinical Characteristics of Study Patients

Demographic Data MI-E (n � 11) CPT (n � 11) P

Age, mean � SD y 6.6 � 3.5 6.2 � 4.1 .65
Male sex, n (%) 3 (27.3) 4 (36.4) �.99
Weight, mean � SD kg 21.2 � 7.7 17.9 � 8.4 .96
Height, mean � SD m 110.5 � 21.0 100.5 � 22.6 .30
BMI, mean � SD kg/m2 16.7 � 2.0 16.6 � 2.6 .89
Underlying disease, n (%)

GERD 11 (100) 11 (100)
Tracheomalacia 0 1 (9.1) �.99

Tracheostomy tube, n (%) 8 (72.7) 8 (72.7) �.99
Home oxygen, n (%) 9 (81.8) 8 (72.7) �.99
Home ventilator, n (%) 0 1 (9.1) �.99

MI-E � mechanical insufflation-exsufflation
CPT � conventional chest physiotherapy
BMI � body mass index
GERD � gastroesophageal reflux disease

Table 2. Physiologic Data

Demographic Data MI-E (n � 11) CPT (n � 11) P

Body temperature, mean � SD °C 37.7 � 0.5 37.4 � 0.4 .17
Breathing frequency, mean � SD

breaths/min
35.8 � 9.9 32.5 � 7.7 .40

Pulse rate, mean � SD pulse/min 102.6 � 17.5 107.9 � 11.4 .41
Blood pressure, mean � SD mm Hg 108 � 4.0 106.6 � 3.3 .68
SpO2

, mean � SD %* 98.4 � 1.5 98.6 � 1.8 .80
Chest retraction, n (%) 11 (100) 8 (72.7) .21
Breath sounds, n (%)

Decreased 4 (36.4) 3 (27.3) �.99
Crepitation 7 (63.6) 8 (72.7) �.99

* Baseline of individual oxygen supplementation.
MI-E � mechanical insufflation-exsufflation
CPT � conventional chest physiotherapy

Fig. 2. Comparison of breathing frequency between the mechan-
ical in-exsufflation (MI-E) group and conventional chest physio-
therapy (CPT) group. P � .32.

Table 3. Comparison of Outcomes in Both Groups

Data MI-E (n � 11) CPT (n � 11) P

Hospital length of stay, median
(range) d

9 (4–24) 12 (6–42) .15

Oxygen used, median (range) d 5 (1–12) 5 (1–10) .62
Therapy time, mean � SD d 3 � 0.77 3.72 � 0.90 .056

MI-E � mechanical insufflation-exsufflation
CPT � conventional chest physiotherapy

Table 4. Comparison of Outcomes in the Atelectasis Subgroup

Outcomes
MI-E

(n � 9)
CPT � EzPAP

(n � 8)
P

Hospital length of stay, median
(range) d

9 (4–24) 12.5 (6–42) .12

Oxygen used, median (range) d 5 (2–12) 6.5 (4–10) .77
Therapy time, mean � SD d 2.9 � 0.8 3.9 � 0.6 .01
Improvement of atelectasis, n (%) 9 (100) 8 (100) �.99

MI-E � mechanical insufflation-exsufflation
CPT � conventional chest physiotherapy
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mothorax or cardiopulmonary compromise. One subject
had mild symptoms of gastroesophageal reflux.

Discussion

This randomized control trial study compared the effi-
cacy of MI-E with CPT in children with quadriplegic spas-
tic cerebral palsy who had lower-respiratory-tract infec-
tions. Key outcome measures were hospital length of stay
and improvement of atelectasis. Previous research has dem-
onstrated that the use of MI-E has been broadly accepted
in adults with neuromuscular disease. In children, there are
limited data, but most studies have found benefits of using
MI-E in children with neuromuscular disease.12,18 To our
knowledge, no studies have compared current CPT prac-
tices (manual percussion, vibration, postural drainage, and
manual assisted cough) with MI-E in children with quad-
riplegic spastic cerebral palsy.

Our results showed no differences between the groups
for duration of hospital stay. However, our study had a
small number of subjects and was unable to exclude fac-
tors influencing hospital stay. To better understand this,
we observed that after subjects had improved clinical sta-
tus and met criteria for termination of using MI-E or CPT
treatment, their hospital stay was extended due to other
reasons, including duration of intravenous antibiotics and
unavailability of parents to have their children discharged.
Moreover, our results found no difference in therapy time
and days of oxygen used in both groups.

When secondary outcomes were examined, results re-
vealed that there is a role for MI-E in assisting with se-
cretion clearance. Subjects with atelectasis had reduced
therapy time when compared with subjects who received
routine CPT combined with nebulization via EzPAP, al-
though it was only a 1-d difference, and this may lack
clinical importance. Most subjects in our study showed
evidence of lung collapse. We explain this finding by in-
creased secretions, leading to bronchial obstruction, inef-
fective cough, and immobilization of subjects with quad-
riplegic spastic cerebral palsy. This finding is comparable
with the previous study reported by Chatwin et al,18 which
found that the addition of MI-E with current respiratory
physiotherapy shortened treatment time compared with re-
spiratory physiotherapy alone in noninvasive ventilation-
dependent neuromuscular disease. However, there were
some differences related to defining treatment time: Our
study analyzed days, whereas the study by Chatwin et al18

analyzed minutes. These authors also did not study an
atelectasis subgroup. In our results, we hypothesized that a
decrease in days of treatment represented rapid improve-
ment of lung function and atelectasis. Results from our
study were similar to those of prior studies on the im-
provement in atelectasis when using MI-E as an airway
clearance technique. In their study, Miske et al12 found

clearing of chronic atelectasis in children with neuromuscular
disease after beginning MI-E and reported rapid improve-
ment of atelectasis in a 22-month-old with spinal muscular
atrophy type 1 after using MI-E. Importantly, no prior studies
were reported or described using MI-E in children with quad-
riplegic spastic cerebral palsy with atelectasis. This result is
probably due to MI-E clearing secretions by simulating a
natural cough as mentioned above.

From our observations, MI-E is a safe and effective
method of alternative airway clearance in subjects with
artificial airways. A similar study was conducted by San-
cho et al.16 They found that SpO2

, peak inspiratory pres-
sure, mean airway pressure, and work of breathing per-
formed by the ventilator were improved after using MI-E
via a tracheostomy tube compared with conventional tra-
cheal suctioning.10,16

All of the subjects in our study were discharged home
without any severe complications from either therapy. In pre-
vious reports, complications of MI-E use in adults were rare.
These included nausea, bradycardia, tachycardia, and abdom-
inal distention.19,20 In our series, only one subject reported
esophageal reflux. The rapid decrease in intrathoracic pres-
sure below intra-abdominal pressure associated with negative
pressure exsufflation could potentially predispose patients to
gastroesophageal reflux with aspiration, especially in patients
with gastroesophageal reflux susceptibility, as found in our
population. Timing the intervention is very important, and we
recommend at least a 2-h window after feeding.

As mentioned above, the mean insufflation/exsufflation
pressure was found to be higher in our study than in prior
studies.15,18 The higher pressure was explained by the re-
sistance from artificial airways. Guérin et al,21 in their lung
model study, found that the artificial airway significantly
reduced peak expiratory flow during therapy with MI-E
which resulted from the narrow inner diameter of the ar-
tificial airway. Accordingly, higher pressure is used in
patients with artificial airways (�30 cm H2O). Striegl et al22

studied a simulated infant lung model with a tracheostomy
tube and suggested that effective pressure in maximizing
inspiratory volume and expiratory flow were an insuffla-
tion pressure of 20–30 cm H2O and an exsufflation pres-
sure of �30 to �40 cm H2O.

In the present study, it is important to note that MI-E was
used in manual mode at the time of the first therapy to adjust
appropriate pressures as mentioned in the Methods. Auto
mode was then set accordingly, and pressure was kept con-
stant until subjects met the criteria for termination of therapy.
This method differed from previous studies that used manual
mode throughout the study.12,15,18 From our experience, us-
ing auto mode was easy, saved time, and resulted in fewer
complications. Additionally, mechanical insufflation-exsuf-
flation (Cough Assist E70) has an oscillation mode. We con-
sidered using oscillation in both insufflation and exsufflation
to better encourage expectoration of secretions from the air-
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way. Oscillation settings were constant with 20-Hz frequency
and 5-cm H2O amplitude. To our knowledge, no previous
studies have compared standard MI-E with MI-E with oscil-
lation. However, we found no complications and observed
more benefits from this mode.

In the study, we specificity wanted to determine
whether using MI-E could reduce hospital length of stay
and days of therapy time compared with routine chest
physiotherapy, but we did not record the exact duration
of time by minutes or hours in each therapy (both CPT
and MI-E). In terms of the CPT group, children who had
secretion retention were enrolled into a physiotherapy
program by a physiotherapist at King Chulalongkorn
Memorial Hospital, and therapy was performed daily.
This program was limited by the small number of pe-
diatric physiotherapists and a large burden of work. In
MI-E therapy, to date there has been no standard pro-
tocol of MI-E for airway clearance or cough augmen-
tation in children. For MI-E, general recommendations
for routine use include 3–5 sets of 3–5 cycles each (of
inspiration, exhalation, and pause) to be performed twice
daily, which may be increased in frequency when un-
well. We therefore decided to use MI-E 3 times/d during
a respiratory-tract infection.

We acknowledge that our study has some limitations.
There was a small number of subjects with quadriplegic
spastic cerebral palsy who were admitted to King Chula-
longkorn Memorial Hospital with lower-respiratory-tract
infection. Therefore, the trial was terminated before the
enrollment of subjects was calculated in pretrial estimates.
Nevertheless, our prospective randomized controlled trial
is the first study to examine the effects of MI-E in children
with quadriplegic spastic cerebral palsy who have a respi-
ratory-tract infection. As mentioned above, there was a
difference in treatment frequency between MI-E and CPT,
and we believe our methods would be more robust if we
provided the same frequency for both methods in future
studies. We encountered issues in finding other objective
measurements in this study, such as peak expiratory flow,
cough peak flow, and lung function tests (eg, due to sub-
jects who were unable to perform any respiratory tests).
Although we conducted the comparison between 2 differ-
ent methods, we did not compare with a non-treatment
group in this population. Moreover, chest radiographs were
difficult to conduct on a regular schedule, as there was
high concern for radiation exposure. In this study, the use
of MI-E and therapy assessment were conducted by respi-
ratory practitioners. Researchers were not blinded, there-
fore possibly increasing the chance of bias. Additionally,
the machine itself is expensive and not available in all
centers. Further study is needed to identify more subjects,
long-term outcomes, and cost-effectiveness from using
MI-E in this group of subjects.

Conclusions

Our study was limited in sample size; however, both
treatment methods appeared to be effective and safe. There
was no significant difference in hospital length of stay
between methods. MI-E could be beneficial in shortening
the duration of airway clearance in patients with quadri-
plegic spastic cerebral palsy presenting with lower-respi-
ratory infections and atelectasis. Regarding effectiveness,
MI-E appears to be a good alternative intervention for
airway clearance, showing fewer adverse effects and a
reduction of labor hours. Future studies including a larger
number of subjects and assessing long-term effects of MI-E
are recommended.
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